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A.1 INTRODUCTION

The purpose of this Biological Assessment (BA) is to evaluate the effects and describe mitigation
that would be used to minimize or eliminate the effect of the Hamilton City Pumping Plant
(HCPP) Fish Screen Improvement Project on species listed or proposed for listing and designated
critical habitat under the Endangered Species Act of 1973 (ESA), as amended, and/or the
California Endangered Species~Act (CESA).

The U.S. Department of Interior, Bureau of Reclamation (Reclamation) and the U.S. Army Corps
of Engineers (Corps) are responsible for ensuring that the construction of the project and
issuance of permits under the Clean Water Act and the River and Harbor Act for the
construction, operation, and maintenance of the project would be in compliance with Section
7(a)(2) of the ESA. The Glenn-Colusa Irrigation District (GCID) and California Department of
Fish and Game (CDFG) are responsible for ensuring that the construction, operation, and
maintenance of the project are in compliance with Section 2090 of the California Fish and Game
Code. This BA will be utilized by each of the agencies to assist in meeting their respective
compliance responsibilities.

The BA addresses the following major issues:

¯ the presence of suitable habitat or potentially suitable habitat for each listed or proposed
listed species identified as potentially occurring in the area and potentially affected by the
proposed action;

¯ the established level of use or potential for use of the suitable habitat for each species in the
area potentially affected by the proposed action;

the presence and estimated magnitude of potential disturbances to species or habitat due to
the proposed actions;

¯ the extent of direct habitat loss for listed and proposed listed species due to the proposed
actions;

i ¯ the overall level of direct and indirect effects of the proposed actions on listed and proposed
listed species within the area potentially impacted by the proposed actions; and

i ¯ identification of appropriate mitigation measures to reduce the effects of the proposed actions
and avoid jeopardizing affected listed or proposed listed species.

i
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Regional Setting’

The portion of the Sacramento River that supports anadromous fisheries (i.e., species which
spend a portion of their life cycle at sea, but return to freshwater to reproduce) extends from
River Mile (RM) 302 near Keswick Dam to RM 0 at Chipps Island in the Sacramento-San
Joaquin River Delta (Delta) (see Figure A-l). The Sacramento River provides a diversity of
aquatic habitats, ranging from fast water fifties (relatively shallow, turbulent water flowing over
cobbles) and glides (deeper, slower moving water) in the upper reaches, to slow-water pool and
glide habitats under tidal influence in the lower reaches. The Sacramento River also serves as an
important migration corridor for anadromous fish moving between Sacramento Valley rivers and
tributaries and the Delta. Furthermore, its flows contribute significantly to the Delta estuarine
e.eosystem.

The Sacramento River system north of the confluence of the Feather River is the largest producer
of chinook salmon (Oncorhynchus tshawytscha) in California (Richardson and Harrison 1990).
Minimum flows in the upper Sacramento River are determined by releases from Shasta and
Keswick reservoirs. Releases from these reservoirs vary depending on a variety of factors, and
actual dally releases are dependent on day-to-day decisions made by Reclamation operators to
meet downstream fishery, navigation, water quality, diversion, and other water management
objectives.

The Sacramento River corridor provides a diversity of terrestrial habitats, ranging from riparian
forests and scrub to grassland in the more upland areas surrounding the fiver. Riparian habitat,
formerly extensive in the Sacramento Valley, is presently limited to isolated clusters of trees
usually growing within meters of the Sacramento River from RM 293 to RM 144 ....

The majority of the GCID service area is developed as irrigated agriculture. A variety of row
crops, orchards, and rice fields represent the primary land use. Rice fields, when flooded,
provide habitat for migrating waterfowl and wading birds in the fall and winter months. In
addition to providing irrigation water, GCID also conveys water to three national wildlife
refuges: the Sacramento, Delevan, and Colusa (Figure A-2). Wildlife refuges also receive
agricultural runoff. The refuges are located to the south and are remote from the pumping plant
and proposed construction activities.

Other areas within the Sacramento River system that could be affected by the project include
Shasta and Keswick reservoirs, Clair Engle Reservoir, the upper Sacramento River, lower
Sacramento River, the Delta, and the Colusa Basin Drain.

Local Setting

The study area for this BA focuses on those habitats that would be affected by construction,
operation, and maintenance of proposed project features in the area surrounding the HCPP.
Figure A-3 and Figure A-4 illustrate the primary aquatic and terrestrial features and habitat
types in the project area.
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FIGURE A-1. SACRAMENTO RIVER BASIN AND TRIBUTARIES
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FIGURE A-2. IRRIGATION DISTRICTS AND REFUGES WITHIN THE COLUSA BASIN
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FIGURE A-3. AQUATIC RESOURCE HABITATS SCHEMATIC SHOWING SHADED
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FIGURE A-4. TERRESTRIAL RESOURCES PROJECT STUDY AREA
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Aquatic Habitats

The HCPP is located between RM 206 and 205 on an oxbow channel on the western side of the
Sacramento River. The local setting is generally defmed as the oxbow and area between
approximately RM 206.5 and RM 204.5 of the Sacramento River (from slightly upstream to
slightly downstream of Montgomery Island). This area is characterized by natural and revetted
banks, sand and gravel bars,.and a diversity of in-river habitat types.

The river channel within this section is dynamic and, as a result, some sections of the river’s
banks actively erode. These naturally eroding banks are often characterized by ove.rhanging
vegetation and submerged woody material (i.e., Shaded Riverine Aquatic (SRA) Cover), which
provide important many species, provides high-value feeding areashabitatfor fish SRACover
and escape cover for many fish species, and moderates water temperature (USFWS 1992).
Because of the importance of SRA Cover and its declining abundance, the U. S. Fish & Wildlife
Service (USFWS) has designated SRA Cover on the upper Sacramento River as Resource
Category 1 habitat. A Resource Category 1 habitat is def’med by the USFWS as one that is
unique and irreplaceable with a mitigation goal of no loss of existing habitat value. SRA Cover
has been identified on the west side of the oxbow upstream and downstream of the existing
HCPP fish screen, and along the east and west banks of the Sacramento River adjacent to
Montgomery Island (see Figure A-3).

The site of the proposed gradient facility, located on the Sacramento River adjacent to
Montgomery Island, is best characterized as a "run," having relatively fast-moving, moderately
shallow, non-turbulent water and a streambed dominated by gravel and cobble. Portions of this
area consist of marginal spawning habitat which has supported limited fall-run chinook salmon
spawning in the past (P. Ward, pers. comm., 1996).

By comparison to the main channel of the Sacramento River, the dredged oxbow channel is
deeper, flow velocities are relatively constant, and the streambed is composed primarily of sand
and small-sized materials. As water flowing downstream in the Sacramento River approaches
the split between the oxbow and the fiver at the north end of Montgomery Island, it tends to
follow the path of least resistance into the river or oxbow. Pumping affects this natural flow by
increasing the gradient and, therefore, the amount of water entering the oxbow. The extent to
which the flow split between the river and the oxbow changes depends on the forebay elevation,
lower oxbow flow requirements, and channel characteristics (Reclamation 1996d).

With the exception of the existing fish screen facility, the west bank of the oxbow channel is
capable of supporting vegetation along its entire length. Immediately upstream of the screen,
shrubs and small trees provide some overhead cover and shading of the channel, but little
instream structure due to routine removal of woody debris from the channel. Similar conditions
exist immediately downstream of the screen, with SRA Cover being somewhat more abundant.

The bank of the oxbow channel Island and downstream of theeast on Montgomery upstream
screen has been modified to improve the flow characteristics at the screen and in the lower
oxbow. The entire upstream bank, composed primarily of gravel and cobble, slopes steeply
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upward from the water’s edge and currently supports virtually no riparian vegetation. Conversely,
downstream of the facility, the east bank supports stands of mature riparian vegetation. A gravel
berm, which serves as an access road, was constructed in 1993 along the water’s edge. Aquatic
habitat downstream is influenced by the low broad fiat shelf composed of gravel dredge spoil
deposits which narrows the oxbow channel to help maintain velocities for returning fish to the
river.

An access road connects Montgomery Island to the mainland via an earthen weir that is
seasonally installed (spring) over a permanent weir and then removed (mid-July) based on flow,
fish passage, permit conditions (e.g., Corps 1996), and island access requirements. Water passes
through this earthen weir via three culverts ranging from six feet to seven feet in diameter.

Terrestrial Habitats

There are five general types of terrestrial habitat in the vicinity of the proposed project; riparian,
gravel shoreline, grassland, wetland, and croplands (USFWS 1997a). Although treated as a
contiguous unit for the purposes of determining impacts and mitigation, the riparian area is
described in two subsets, the mixed riparian and valley oak riparian forest. Emergent wetlands
are evident on the Sacramento River bank opposite Montgomery Island. Habitats were identified
using information from ground surveys completed in 1992 and 1993 (Beak 1992 and 1993), and
interpretation of aerial photos from 1992 and 1996. See Figure A-4 for the locations of these
habitat types.

Great Valley Mixed Riparian Forest -- This vegetation type is generally found growing within
300 feet of the river’s edge and consists of tall winter-deciduous species, including Fremont’s
cottonwood (Populusfremontii), box elder (Acer negundo californica), Northern California black
walnut (duglans californica var. hindsii), California sycamore (Platanus racemosa), and willows
(Salix spp). Understory species include the button bush (Cephalanthus occidentalis) and Oregon
ash(Fraxinus latifolia) (Holland 1986).

Riparian forests provide habitat to a large number of migrant and resident birds, and are used by
a variety of reptiles, amphibians, and small and large mammals. They provide important
corridors between populations of various species. Montgomery Island supports a maturing forest
of Northern California black walnut (WET 1991). Unvegetated vertical banks adjacent to
riparian forests, such as those on Montgomery Island, provide nesting sites for the belted
kingfisher (Ceryle alcyon), northern rough-winged swallow (Stelgidopteryx serripennis), and the
California State threatened bank swallow (Riparia riparia). Near-shore scrub/willow habitat is
indicated in Figure A-4. This habitat generally consists of riparian shrubs, such as willows,
growing near the water’s edge.

Great Valley Valley Oak Riparian Forest -- This community is generally restricted to the
highest part of a floodplain and is therefore less subject to inundation and flooding. Oak riparian
forests receive beneficial nutrients from alluvium and subsurface water flow, allowing for an
extended growing period and increased productivity. The dominant canopy species is the valley
oak (Quercus lobata). Understory species include the Oregon ash, Northern California black
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walnut, California sycamore, and young valley oaks. The oak riparian forest provides good
habitat for raptors, game birds, jays, and a variety of song birds. Oak trees provide nesting sites
for raptors and wading birds such as great blue herons (Ardea herodias) and common egrets
(Casmerodius albus). Small mammals, such as western gray squirrels (Sciurus griseus),
California ground squirrels (Spermophilus beecheyO, and mice are common, as are larger
mammals such as foraging black-tailed deer (Odocoileus hemionus). Common reptiles are the
western rattlesnake (Crotalus viridis) and gopher snake (Pituophis melanoleucus).

Sand/Gravel Bar Shoreline This habitat is found at the water’s edge and broad,servesas a

low-lying buffer between riparian forests and emergent wetlands, and the river. The gravel
shoreline is used by a variety of species that forage for seeds, vegetation, ground-dwelling
insects, and vertebrate prey (WET 1991). The vegetation, consisting primarily of herbaceous
species, and young shrubs and trees such as willows and alders (Alnus rhombifolia), is sparse due
to consistent flooding. These bars provide nesting habitat for birds such as killdeer (Charadrius
vociferus) and foraging area for spotted sandpipers (Actitis macularia). Much of the area across
the Sacramento River from Montgomery Island consists of these gravel bars. Man-made
structures in the oxbow adjacent to the proposed project site have some of the same
characteristics as these gravel shorelines.

Grassland - Grasslands in the area of the proposed project are located in the upland areas and
are interspersed with cropland. The habitat is disturbed and contains a high degree of annual
grasses and forbs. Dominant grass species include wild oats (Avena fatua), soft chess (Bromus
mollis), ripgut brome (Bromus rigidis), wild barley (Hordeum murinum), and foxtail fescue
(Festuca megalura). Typical forbs include filaree (Erodiutn sp.), turkey mullein (Eremocarpus
setigerus), and clover (Trifolium sp.). Grasslands provide forage area for raptors roosting in
adjacent forested areas such as red-tailed hawks (Buteojamaicensis) and soaring species such as
turkey vultures (Cathartes aura). Ring-necked pheasant (Phasianus colchicus), quail, and
numerous passerine birds are common. Grassland reptiles include the western fence lizard

occidentalis), snake (Thamnophis sirtalis) and western rattlesnake.(Sceloporus commongarter
This is also important habitat for deer, coyote (Canis latrans), skunk (Spilogale gracilis) and
gray fox ( Urocyon cinereoargenteus).

Wetland - The backwaters and eddies of old oxbow lakes and river channels form a system of
near-shore emergent wetlands along the Sacramento River. These are particularly evident in the
project area along the banks of the Sacramento River immediately across from Montgomery
Island and in the downstream inlet of Snaden Island. In the shallows, emergent vegetation such
as cattail (Typha latifolia) and rule (Scirpus sp.) are common. Horsetail (Equisetum sp.) is found
in the most upper reaches. Willows are very abundant and the surrounding canopy consists of
riparian forest species.

Cropland -- Much of the cropland in the area surrounding the proposed project is planted in flee,
orchards, or row crops. These areas provide habitat for species accustomed to human
disturbance such as mourning doves (Zenaida asiatica), crows (Corvus brachyrhynchos), and
yellow-billed magpies (Pica nuttalli), as well as mice and other small mammals. Row crops can
provide important post-harvest food sources for migrating waterfowl along the Pacific Flyway.
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Current practices in rice farming within the GCID service area and elsewhere include the
flooding of fields during the late fall and winter months to facilitate the decomposition of rice
straw. These flooded fields provide important habitat to migrating and wintering waterfowl and
wading birds.

Refuges - In addition to the habitats within the project area, there are three National Wildlife
Refuges (Sacramento, Delevan, and Colusa) that receive water from GCID facilities and provide
important habitat for wildlife. Emergent wetlands common to these refuges provide habitat for
resident and seasonally migrating waterfowl along the Pacific Flyway. These wetland refuges
provide cover and foraging habitat to a variety of raptors, wading birds, shorebirds, o reptiles,
amphibians, and mammals. The giant garter snake, Thamnophis gigas, is known from all three
wildlife refuges (G. Wylie, pers. comm. 1997). In 1995, GCID delivered 61,452 acre-feet (ac-ft)
oJ~ water to these wildlife refuges) Most of the water, 43,906 ac-ft, was delivered during the
Reclamation Contract period of April through October. The remaining 17,546 ac-ft was
delivered during November and December (GCID 1996a). GCID’s delivery of Reclamation
Contract water to the Sacramento, Delevan, and Colusa refuges averaged about 38,000 ac-ft per
year from 1986 through 1995, but varies significantly according to the type of water year (GCID
1996a). A maximum delivery of 105,000 ae-ft has been identified as a future Level 4 optimum
refuge water supply (Reclamation 1989) allocation for the refuges. GCID has been identified as
a potential alternative for delivery of this water.

Purpose of the Project

The lead agencies under CEQA (GCID and CDFG) and the lead agencies under NEPA
(Reclamation and the Corps) and other participating agencies have identified two primary

of the project. The first is to minimize losses of all fish in the vicinity of the pumpingpurposes
plant diversion, including endangered winter-run chinook salmon. The second is to maximize
GCID’s capability to divert the full quantity of water it is entitled to divert to meet its water
supply delivery obligations.

Need for the Project

The need for the project has long been recognized by GCID and resource agencies, such as
CDFG and National Marine Fisheries Service (NMFS), because past fish screening efforts have
not provided adequate protection (see Draft EIR/EIS Section 1.5, History of HCPP Diversions
and Fish Screens): The project was first required by Corps permits issued in 1988 to GCID for
dredging activities under Section 10 of the River and Harbor Act and Section 404 of the Clean
Water Act. The permits required that GCID assure the development and implementation of
"state-of-the-art" fish protection at HCPP. The fish protection requirement in 1988 was primarily
for the protection of the chinook salmon because of its economic importance to the fishing

The amounts of water delivered to the Sacramento, Delevan, and Colusa national wildlife refuges represented
ohere are those amounts actually delivered to the refuges and do not include the 20 ~ credit received by GCID to

account for water loss during conveyance.
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industry. Winter-run chinook salmon were thereafter listed as endangered under the CESA in
1989 and as threatened and then endangered under the ESA in 1990 and 1994, respectively.

Pursuant to Section 7 of the ESA, the Corps conducted a consultation with the NMFS in 1991
regarding the issuance of a permit to GCID for dredging activities within the GCID oxbow.
GCID rejected the draft permit’s requirements for improving protection for winter-run chinook
salmon at the HCPP. Increasing concerns by NMFS prompted the agency to request the Federal
District Court (Eastern District) to enjoin GCID from taking the threatened winter-run chinook
salmon in violation of the ESA. The legal action filed by NMFS resulted in the Federal District
Court issuing a permanent injunction against GCID, restricting the amount of water GCID could
pump at HCPP during the downstream migration period (August through November) for the

winter-run chinook salmon.endangered

NMFS’s legal action, in which CDFG joined as a party, resulted in a 1992 Stipulated Agreement
among the parties (NMFS, CDFG and GCID) that was subsequently amended in 1993 to develop
jointly a long-term solution to address both fishery resource protection and a reliable water
supply (Joint Stipulation of Parties 1993). Under the terms of the 1993 Joint Stipulation of
Parties, GCID’s irrigation season diversions at HCPP are currently limited to about 75 percent of
its entitlement to water.

Interim measures taken by GCID (e.g., flat-plate screens installed in 1993 and use of alternative
water supplies, including groundwater pumping) have increased fish protection at the HCPP and
temporarily met water supply needs. These measures, however, do not accommodate key fish
screen criteria (i.e., approach velocity of 0.33 feet per second (f-t/s) as specified by CDFG (1993)
and bypass flows of 500 cubic feet per second (cfs) as specified by the Corps permit (1996)).
Further, the interim water supply measures are not viable on a long-term basis and future
conditions would result in additional substantial restrictions at HCPP. Therefore, a fish screen
system is needed that meets fish protection requirements and HCPP operations for the range of
river flows expected over the 50-year life of the project.

A.2 PROJECT DESCRIPTION

GCID’s past diversions from the Sacramento River at the HCPP have been identified by CDFG,
USFWS and NMFS as a significant impediment to the downstream migration of juvenile salmon.
To minimize future losses of fish, and as a component of the U.S. Department of Interior’s
program to restore fisheries under the Central Valley Project Improvement Act (CVPIA), a fish .
screen improvement project is proposed. The preferred alternative was unanimously selected by
involved State and Federal agencies. Features of the preferred alternative are provided in
Figure A-$ and described below.

Extended Fish Screen Structure

The screen extension would be placed upstreamexisting screen so that it would increaseof the
the existing screen length from about 450 feet to 1,050 feet. Final design could change the
length of the screen by approximately 100 feet.

11
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SCREEN EXTENSION WITH GRADIENT FACILITY AND INTERNAL FISH BYPASS WITH RETURN TO OXBOW ALTERNATIVE                                FIGUREA.5
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The screen design would be similar to the existing screen. The fiat-plate screen mesh would
consist of strips of steel spaced at 3/32-inch intervals and supported by steel members anchored
to concrete piers. The screen would extend up from the foundation approximately 12 feet, where
steel plates would extend approximately 15 more feet to a 16-foot wide deck where equipment
and vehicles could access the screen for maintenance activities. The screen would be constructed
so that river flows less than approximately 100,000 cfs would not overtop the fish screen deck.

A sheet pile retaining wall would extend immediately upstream of the screen, to transition oxbow
flows from the upper oxbow bank improvements (see Improved Upper Oxbow Channel, below)
to the new screen. These transition walls would be designed to minimize eddies that coul. d create
predator holding areas. Construction of the new screen would require cofferdamming, unwatering,
and dewatering in the oxbow. These cofferdams would be created by driversusingvibratingpile
operated from shore or from barges.

Several workshops and underground utilities would need to be relocated early in construction.
Workshops would be moved to an area adjacent to the heliport near the CDFG building. New
utilities would be constructed underground and routed around the area proposed for the expanded
forebay. All new utilities for the workshops and new fish screen would be placed underground.
The existing fish screens would be retrofitted with baffles to increase the uniformity of approach
velocities in front of the screens. The baffles would be included with construction of the new
screen.

Improved Upper Oxbow Channel

The upper oxbow (upstream from the screen) would be modified to improve the uniformity of
flows approaching the screen to decrease predation. Modifications would include clearing of
vegetation in the construction area and the central portion of the channel, recontouring the
channel and sideslopes, and placing riprap on the channel banks. A total of 300 feet of bank on
both sides of the channel would be modified which would result in 600 feet of bank
improvements upstream of the screen.

Improved Lower Oxbow Channel

The lower oxbow (downstream from the screen) would be modified to improve velocities to
decrease predation. The existing channel bottom would be reconfigured into a trapezoid shape
for conveying normal summer low flows, carrying bypassed juvenile fish back to the river. The
channel would be narrowed by adding to the embankment of the access road on Montgomery
Island. Fill and riprap would be placed on the opposite bank either from the road or from a
barge. Modification of the channel would require the construction of temporary earthen
cofferdams.

Oxbow Flow Control Structure with Removable Bridge Deck

A permanent oxbow flow control structure would be installed. The new structure would be
designed with adjustable height control so that lower oxbow flows could be maintained at
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optimum rates for fish protection over a range of river flow conditions. The final design would
include abutments on the sides to support a bridge deck that could be removed during high river
flows. Design of the in-water portion would minimize the potential for predator holding areas.

Gradient Facility

The construction of the .gradient facility would-occur in four phases during one year with one-
half of the fiver channel blocked by cofferdams in each of the four phases. The downstream
portion of the gradient facility would be installed first, starting with the west (Montgomery
Island) side of the fiver channel. The downstream east side of the channel would be constructed
second. The west and east sides of the upper portion of the gradient facility would then be
constructed third and fourth, respectively. Placement of riprap between the buried sheet piles
Would be completed within dewatered areas prior to moving upstream. The in-river construction
activities would include contouring and placing riprap on the fiver channel. The entire bed of the
1,000-foot fiver channel portion of the gradient facility would be covered with riprap in a
configuration that simulates natural riffles in the vicinity of the project (RCE 1994a; Ayres
1996d). This configuration would include the construction of depressions in the fiver bed to
establish slower velocity pool areas for upstream migrating adult fish, a longitudinal berm to
maintain channel alignment, and a thalweg channel where the primary energy path of the fiver
would be directed. Detailed descriptions of the facility are presented in Ayres (1996d).

Channel and levee work would include clearing vegetation and placing riprap along both sides of
the river, on east side river levees, and at the proposed locations for the rock dikes immediately
upstream of the gradient facility. Riprap would be placed along both sides of the river channel,
including the in-river gradient facility portion of the channel, for a total distance of 3,600 feet.
Additional fiprap would be placed on high water fiver banks upstream and downstream of the in-
fiver portion of the gradient facility. High water fiver bank riprap would be placed over a total
distance of approximately 4,400 feet.

Rock Dikes in River

The river channel and levee riprap described above for the gradient facility would be
supplemented by the placement of four rock dikes immediately upstream of the facility on the
east side of the river. The purpose of the dikes would be to prevent the fiver from flanking the
gradient facility (Mussetter 1997). The dikes would be approximately 40 feet long and extend
perpendicular from the fiver bank toward the main channel. The dikes would be separated at
distances of about 150 feet.

Staging Area

Three temporary staging areas would be constructed to stockpile rock, store equipment and
construction materials, provide employee parking, provide a desilting basin, and serve as a
construction management area for the construction contractors, inspectors, and lead agency
construction managers. One staging area would be located on GCID’s land across from the
HCPP service yard at the intersection of First Avenue and Cutler Avenue. It would be up to 14
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acres in size. A second staging area would be located on the southeast portion of Montgomery
Island and cover an area up to 10 acres. The third staging area would be on the east side of the
river directly across from Montgomery Island and cover an area up to 10 acres.

Internal Bypass System

An internal bypass.system~would convey juvenile fish moving along the screen face into one of
three bell-shaped entrance bays that transition to an approximately four- to five-foot diameter
pipeline. The gradient facility would provide the hydraulic head to the internal bypasses.operate
The fish would then be returned either to the oxbow immediately downstream of the screen.
This alternative would enable GCID to meet all fish protection and screen performance criteria
established for this project, including exposure time (2.5 minutes or less) of downstream
migrating juvenile fish passing the screen face.

A.3 METHODS

Listed and proposed listed species potentially affected by the proposed action were identified
using a variety of database and field methods, as well as through discussions with resource
specialists. Data were collected using the California Natural Diversity Data Base (CNDDB)
RAREFIND (CDFG 1996), by written request to the USFWS (1997a), and through meetings
with resource biologists representing USFWS, NMFS, CDFG, and a variety of other State and
Federal agencies, and private concerns. Field surveys for listed, candidate, and other biological
resources of concern were initially conducted in 1992 and 1993 (Beak 1992 and 1993). General
habitat types in the potentially affected area were identified and analyzed through a Habitat
Evaluation Procedure (HEP) conducted by the USFWS (1995a and 1997a) and through
subsequent field reviews conducted by Surface Water Resources, Inc. (SWRI) and Jones and
Stokes Associates (JSA) in conjunction with the USFWS and Corps.

Habitats within the immediate area of the proposed project were initially mapped by the USFWS
for use in the HEP analysis using 1992 aerial photographs. Areas of project impact were
determined by tracing the project footprint with a planimeter for analysis in the HEP. These
habitats have been verified and their areas updated through review of 1996 aerial photographs
and field inspection. Project features and buffer areas were superimposed on the habitat map to
determine areas of impact and habitat types. Habitat maps have been subsequently converted to
AutoCAD files and updated to reflect changed habitat conditions determined from 1996 aerial
photographs and adjustments in project design.

In considering the potential impacts on listed or proposed listed species, three categories of
effects have been analyzed: direct impacts, indirect impacts (including interdependent and
interrelated impacts), and cumulative impacts. Analysis of these effects provided the background
needed to interpret the impacts of the proposed action and develop the appropriate conservation
measures by which these impacts could be mitigated. These are def’med in 50 CFR 402.02 as
follows:
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¯ Direct Impacts: These are impacts caused directly by the proposed action and occur
within the timeframe under which the action is implemented.

¯ Indirect Impacts: Indirect impacts "are those that are caused by the action and are later
in time but are still reasonably certain to occur" including:

Interdependent Impacts: These are impacts having "no significant independent
utility apart from the action that is under consideration."

Interrelated Impacts: These are impacts which "are part of a larger action(s) or
depend on a larger action(s) for their justification".

¯ Cumulative Impacts: Cumulative impacts are defmed as effects that "are reasonably
certain to occur within the action area of the Federal action subject to consultation. "
Cumulative effects include all other impacts on the species that are expected to occur
after the direct, indirect, interrelated, and interdependent impacts have been described;
and acknowledge that listed or proposed listed species potentially affected by this action
have significant interaction with other geographic areas either directly, indirectly,
interrelatedly, and/or interdependently.

A.4 RESULTS

A.4.1 General Habitat Descriptions

General regional and local habitat descriptions are provided in detail in Section A.1,
Introduction, of this BA. Aquatic habitats include runs and riffles in the Sacramento River, the
more constant flow of the deeper waters of the lower oxbow, and SRA Cover. In accordance
with the USFWS Mitigation Policy, SRA Cover has been designated as a Resource Category 1
habitat. Resource Category 1 habitats are considered to be unique and irreplaceable and the goal
for such habitats under the Mitigation Policy is for no loss of existing habitat value.

Adjacent to the HCPP are undeveloped areas of mixed riparian habitat bordered on the west by
farmland. Terrestrial habitats in the immediate area of the project site include riparian forest
(primarily Great Valley Mixed Riparian and Valley Oak Riparian Forests (see Holland 1986 for
habitat classification)), scrub willow, open gravel shoreline, orchard and cropland, and grassland.
Emergent wetlands are evident along the eastern bank of the Sacramento River opposite
Montgomery Island. Riparian forests and open gravel shorelines, although terrestrial in nature,
are dependent to a great degree on flooding regimes of the Sacramento River to support their
associated flora and fauna. A map of terrestrial habitats in the vicinity of the proposed project is
provided in Figure A-4 of this BA.

Three National Wildlife Refuges (Sacramento, Delevan, and Colusa) (see Figure A-2) receive
water from GCID facilities and provide important habitat for wildlife. The emergent wetlands
common to these refuges provide habitat for resident and seasonally migrating waterfowl, and
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cover and foraging habitat to a variety of raptors, wading birds, shorebirds, reptiles, amphibians,
and mammals. The giant garter snake, Thamnophis gigas, is known to occur in all three wildlife
refuges (G. Wylie, pers. comm. 1997).

A.4.2 Listed and Proposed Listed Species Potentially Occurring in the Project Area: Life
History, Habitat and Impacts

As identified by the USFWS (1997a) and CDFG (1996), several listed or proposed listed species
have the potential to occur in the vicinity of the HCPP. Among those potentially applicable to
this project are seven plants, four invertebrates, four fish, one each of amphibians and. reptiles,
and six birds. This section will review general impacts to the proposed project site. For each of
the species listed, a determination will be made as to their potential to occur in the specific
hi~bitats affected by the project. Brief life histories, local distributions, and specific potential
impacts are presented for those species whose habitats could be impacted.

General Impacts

Impacts to listed and proposed listed species could occur during two phases of the proposed
action: construction, and operation and maintenance. The majority of impacts to terrestrial
species would occur during the construction phase of the project and would result from the
removal of vegetation for structures and access and maintenance roads, or from noise caused by
the placement of sheet pile and construction vehicle traffic. Permanent impacts would occur
where permanent structures are placed and access roads preserved for maintenance and
operations. Transitory impacts would occur in temporary construction zones and staging areas,
and along roadways used solely for construction access. Sites of temporary disturbance would
be restored and revegetated, or naturally re-colonized by plants following construction.

Impacts to listed and proposed listed aquatic species could result during both the construction
and and maintenance of the construction, cofferdams would beoperation phases project. During
installed at the screen extension, bypass return to the oxbow, and gradient facility. At the time of
dewatering, the potential exists to trap and desiccate fish within the cofferdams. The
downstream migration of juvenile fish could be impeded during installation of the cofferdams,
while upstream migration of slower swimming adults could be impeded by high velocities of the
constricted Sacramento River during the construction phase of the gradient facility.

A primary purpose of the project, as designed, is to reduce mortality of juvenile fish due to
predation, impingement, and entrainment. Impingement and entrainment, with project operation,
would be reduced compared with existing conditions. Hydraulic "hot spots" could still occur
along the screen face which could disorient juvenile fish and provide holding areas for predators.
Overall, however, these effects would be diminished under all flows. Entrainment of fish less
than 30 millimeters (mm) into the forebay could continue to occur at reduced rates even with the
operation of the proposed screen extension. Construction of the project would reduce local SRA
Cover by approximately 1.5 acres (6,522 linear feet at an average 10-foot width). Additionally,
another 1.2 acres (5,329 linear feet) of other shoreline types, such as gravel shoreline, would be
impacted. Finally, latent mortality due to stress and/or physical injury could still occur, although
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at a reduced rate compared with existing conditions, in the new internal bypass system to the
oxbow.

Both aquatic and terrestrial species occurrences and habitat conditions vary from year-to-year in
the project vicinity due to changing river conditions and other factors. Site- and resource-
specific surveys would be performed immediately prior to construction (or during the time period
most appropriate for-a given species within one year prior~to construction) to aid in the
determination of final impacts (Draft EIR/EIS, Chapter 6, Environmental Commitments and
Mitigation and Monitoring). As a result, many of the impacts below are described as potentially
significant. Additional data on the location, quality, extent, and composition of extant plant
communities (that could serve as habitat for special-status species) and known special-status
species’ occurrences, as well as final design (e.g., precise locations of the project components and
site-specific construction needs), would ultimately determine the significance of potential project
impacts. This BA assesses potential impacts to the extent practicable. Measures presented in
Section A.5, Mitigation, are intended to guide fmal project design to avoid sensitive biological
resources, and avoid adverse impacts to the individual species through the provision of
compensation for unavoidable impacts.

The following sections describe the status, habitat, and local distribution of listed and proposed
threatened or endangered plant species identified as potentially occurring in the study area. For
all categories of organisms below, such as plants, reptiles, or fish, a discussion is provided on
those species identified by the USFWS (1997a) as potentially occurring in the project area, but
were subsequently determined not to be potentially affected by the project (either directly or
indirectly). The rationale for this determination is presented. Following this is a more detailed
description of species which could actually occur within the project area. Certain categories may
not have species under both the affected and non-affected headings. These species are among
those listed in Table A-1.

Plant Species

Field surveys indicate that vernal pools, although found in grasslands of the region, do not occur
in the immediate area-of the project (Beak 1992 and 1993). For this reason, listed plants
restricted to vernal pools and identified by USFWS (1997a) and/or RAREFIND (CDFG 1996) as
potentially existing in the areas surrounding the proposed project site are not further addressed in
this document. These are the Federal and State endangered Limnanthesfloccosa ssp. Californica
and hairy Orcutt grass (Orcuttia pilosa), Federal endangered Greene’s tuctoda (Tuctoria
greenei), and the Federal threatened Hoover’s spurge (Chamaesyce hooveri), Colusa grass
(Neostapfia colusana), and slender Orcutt grass (O. tenuis) (the latter two are also State
endangered). The remaining plant species, the State and Federal endangered palmate-bracted
bird’s beak (Cordylanthus palmatus), is found in alkali soils. The soils of Montgomery Island
area are generally of the Columbia series and are not characterized by an excessively high pH
(ECOS 1991). The specialized soil conditions for this species are not found in the project area;
therefore, this species is not further addressed in this document. In summary, no listed or
proposed listed plant species would be affected by the proposed project.
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i Table A-1 - Listed and Proposed Listed Species Identified as Potentially Occurring
Within the Study Area for the HCPP Fish Screen Improvement Project

Status
Genus-Species Common Name Feda/Stateb/CNPSc

i Plants
Chamaesyce hooveri Hoover’s spurge T/--/1B

i Cordylanthus palmatus Palmate-bracted bird’s beak E/E/1B
Limnanthesfloccosa ssp. Californica Butte County Meadowfoam E/E/1B

¯          Neostapfia colusana                Colusa grass                               T/E/1B

i Orcuttia tenuis Slender Orcutt grass T/E/1B

~ Orcuttiapilosa Hairy Orcutt grass E/E/1B
Tuctoria greenei Greene’s tuctoda E/R/1B

i Invertebrates
Branchinecta conservatio Conservancy fairy shrimp E/--
Branchinecta lynchi Vernal pool fairy shrimp T/--

i Desmocercus californicus Valley elderberry longhorn beetle T/--
dimorphus~

Lepiduruspackardi Vernal pool tadpole shrimp E/--
Fish
Hypomesus transpacificus Delta smelt T/T
Oncorhynchus tshawytschad Winter-run chinook salmon E/E

i Oncorhynchus tshawytscha~e Spring-run chinook salmon --/CSC
Oncorhynchus mykiss~’~ Steelhead PE/CSC
Pogonichthys macrolepidotus~ Sacramento splittail PT/CSC

I Amphibians
Rana aurora draytonii California red-legged frog T/CSC
Reptiles

I Thamnophis gigas Giant garter snake T/T

o Birds
Branta canadensis leucopareia Aleutian Canada goose T/--
Buteo swainsom~ Swainson’s hawk --/T
Falco peregrinus anatum American peregrine falcon E/E
Haliaeetus leucocephalus Bald eagle T/E

i Coccyzus americanus occidentalisd Western yellow-billed cuckoo --/E
Riparia ripariad Bank swallow --/T
a Federal Status: E=Endangered; T=Threatened; PE=Proposed Endangered; PT=Proposed Threatened; SC=Species of

Concern.
b State Status: E=Endangered; T=Threatened; R=Rare; CSC=Species of Concern.
c California Native Plant Society (CNPS): 1B=Rare, threatened, or endangered in California or elsewhere
d Species addressed in this BA as potentially impacted by the proposed project and for whom mitigation is recommended.

l e Spring-run chinook salmon are included in this BA due to their precarious situation biologically and procedurally within
the process of listing under the State of California. This race of chinook salmon is treated herein as a candidate for listing
under CESA given the likelihood of that action occurring prior to construction of the project. Any measures recommended
could be adopted in a Biological Opinion for the State should the status of this species change.

I f As of August 11, 1997, NMFS made the determination to defer listing of the Central Valley Evolutionarily Significant Unit
(ESU) for six months until February 8, 1998 (NOAA 1997).
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Invertebrates

This section describes the status, habitat, and local distribution of listed and proposed threatened
or endangered invertebrate species which potentially occur in the study area and could be
impacted by the proposed project. These species are listed in Table A-1.

The HEP analysis and communication with USFWS (1997a), identified the endangered
Conservancy fairy shfirnp (Branchinecta conservatio) and vernal pool tadpole shrimp (Lepidurus
packardi), and the threatened vernal pool fairy shrimp (Branchinecta lynchi), as species
potentially occurring in the area of the proposed project. The HEP analysis did not, however,
identify vernal pool habitat as a habitat type affected by the proposed project. Further, field
s .urveys conducted in the area indicate that, although emergent wetlands occur in seeps and dead-
end channels along the east bank of the Sacramento River, vernal pools do not occur in the area
(Beak 1992 and 1993) and are not further addressed in this document.

Valley Elderberry Longhorn Beetle (Desmocercus californicus dimorphus)

Status: Federal Threatened

Habitat and Life-History: The valley elderberry longhorn beetle (VELB) is host-specific to
elderberry shrubs (Sambucus spp). Elderberry shrubs are most often found in riparian habitat.
The VELB depends entirely on the elderberry for its food and reproduction. The first two years
of the beetle’s life are spent in the spongy pith of the elderberry, first in its larval form and later
metamorphosing to the pupa, or chrysalis, phase. Adults emerge from holes (the characteristic
shape of which aid in the identification of the presence of this species) in March and feed on the
foliageand flowers until late June. Eggs are laid primarily in the bark crevasses of the elderberry
shrub in June and the larvae emerge and bore into the plant in 10 days (Arnold et al. 1994).
Elderberry shrubs provide the Federal threatened VELB with its sole source of reproductive
habitat and food resources. Because the elderberry is vital to the maintenance and recovery of
VELB, a reduction in the quantity of shrubs or quality of elderberry habitat would be considered
a potentially adverse impact. Further, impacts which would disrupt the structure of VELB
populations, including the impedance of genetic flow between populations, would be considered
potentially adverse impacts.

Local Area Distribution: Surveys have indicated elderberry shrubs and shrub clusters to occur
at 189 sites in the project area (JSA 1996). Due to the fact thatthese recent surveys were
conducted in the late fall, adults were not observed. Large stands of elderberry were observed
during 1993 surveys (Beak 1993) on Montgomery Island. This survey recorded exit holes, but
no adults. Exit holes have been reported at RM 204 and RM 209 (JSA 1987) and possible exit
holes were observed during field surveys in 1993 (Beak 1993) on the west river bank at RM 206.

!

C--085988
C-085988



Impacts: Construction of fish screen improvements and the gradient facility would result in a
reduction in abundance of elderberry shrubs, which could affect VELB. Permanent impacts
would occur to these shrubs and their habitat within the footprint of the project where structures
would be permanently placed as well as along access roads. Initial field survey results
(Figure A-6) indicate that construction of the fish screen extension and oxbow improvements
would permanently impact 153 stems 1 inch in diameter or greater at the base (JSA 1996). The
gradient facility would impact 289 elderberry stems. In total, approximately 442 elderberry
stems would be impacted.

Removal of elderberry shrubs or disturbance of occupied elderberry shrub habitat could have
potentially adverse impacts to VELB. Further, impacts which disrupt the community structure of
VELB, including the impedance of genetic flow between populations, could be considered
p~tentially adverse. The latter is unlikely, however, due to the extensi’~e occurrence of
elderberry shrubs throughout the vicinity of the project site. Although the impacts which may
occur to the habitat of VELB by themselves have the potential to be considered as adverse
impacts, mitigation is proposed and this species and its recovery would not likely be adversely
impacted.

Fish Species

This section describes the status, habitat, and local distribution of listed and proposed threatened
or endangered fish species which potentially occur in the study area and could be impacted by
the proposed actions. These species are listed in Table A-1.

The HEP analysis (USFWS 1997a) identified the State and Federal threatened delta smelt
(Hypomesus transpacificus) as potentially occurring in the project area. Delta smelt are
commonly found in the surface and shoal waters of the lower reaches of the Sacramento River
below Isleton and into Suisun Bay. The upstream limit for this species in the Sacramento River
is believed to be at the mouth of the American River (Stevens et al. 1990). During extremely
high river flows, delta smelt may move temporarily into San Pablo Bay (Moyle et al. 1995).
Delta smelt, therefore, do not occurin the project area, nor would they be affected remotely, and
are not addressed further in this document.

Winter-run Chinook Salmon (Oncorhynchus tshawytscha)

Status: Federal Endangered/State Endangered

Habitat and Life-History: The majority oft he life cycle of winter-run chinook salmon occurs in
the ocean (two to four years). Adult migration into freshwater dyers and streams occurs for the

of spawning. Spawning takes place in habitats of suitable water quality, depth, currentpurpose
velocity, and substrate. Adult salmon perish soon after reproducing in freshwater streams and
dyers. After several months, fry emerge from the gravel and begin to feed. These juveniles may
begin their migration to the ocean immediately, or they may delay onset of emigration for several
months. Water temperature is critical to early life stage development and survival (Richardson
and Harrison 1990).
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FIGURE A-6. LOCATION OF ELDERBERRY BUSH CLUSTERS IN RELATION
TO PROPOSED CONSTRUCTION AREAS
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The annual spawning run size of winter-run chinook salmon in the Sacramento River system has
exhibited a drastic decline in recent decades. Numbers have dropped from over 100,000 in the
late 1960s to only 533 in 1989 (Richardson and Harrison 1990); the 1994 count at Red Bluff
Diversion Dam (RBDD) was 189 (CDFG, unpublished data). Several human-induced
circumstances have contributed, and continue to contribute, to the decline of the winter-run
chinook salmon in the Sacramento River system. These include, but are not limited to:

¯ blockage of upstream spawning migration by Shasta Dam, Keswick Dam, the Anderson-
Cottonwood Dam and(ACD), RBDD;

¯ juvenile fish mortality at dams and water diversion facilities (e.g., ACD, RBDD, Tehama-
Colusa Canal, and the Glenn-Colusa Canal);

¯ historical flow reductions and fluctuations in the upper reaches of the Sacramento River
following construction of Keswick and Shasta Dams;

¯ elevated water temperatures-in the upper reaches of the Sacramento River from historical
flows following construction of Keswick and Shasta Dams;

¯ cumulative historic loss of Sacramento River riparian habitat, including SRA Cover;

¯ reductions in available spawning habitat due to changes in fiver flows, charmelization,
and loss of appropriate spawning substrates;

¯ mortality associated with State Water Project (SWP) and Central Valley Project (CVP)
pumping plants in the Delta;

¯ pollution; and,

¯ sport (freshwater and ocean) and commercial (ocean) harvests.

Keswiek and Shasta dams prohibit migrating salmon from reaching upstream waters. Loss of
historical spawning and rearing habitat due to these migration barriers and elevated water
temperatures in the unobstructed portions of the Sacramento River are believed to have
contributed greatest to the decline of the winter-run chinook salmon. Immigration of adult
winter-run chinook salmon into the Sacramento River system begins in mid-December with
spawning occurring from mid-April through mid-August. Peak spawning generally occurs from
May through June. The majority of winter-run chinook salmon spawning presently occurs from
just downstream of the Keswick Dam to the vicinity of Cottonwood Creek (see Figure A-l). Fry
generally begin emerging from the gravel in late July and August (Moyle 1976). Migration to
the ocean begins with fry emergence and extends through April.

Local Area Distribution: Data collected by CDFG on juvenile chinook salmon timing of
occurrence and size distribution indicate that winter-run chinook salmon are present at HCPP
from mid-July through late March. Fry less than or equal to 40 mm in length first appear at the
HCPP facility during late July, and generally occur through mid-November (Figure A-7). Adult

migrate upstream through project area on way to spawningwinter-runchinooksalmon the their
grounds in the upper Sacramento River from January through June.
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Winter-run chinook salmon fry rearing in the upper Sacramento River exhibit peak abundance
during September, and juveniles migrate past RBDD from August through March (Reclamation
I992). Peak emigration (downstream migration) of winter-run chinook salmon juveniles near
RBDD is believed to occur during September and October.

Critical Habitat. Critical habitat, as defined in Section 3(5)(A)(i) and (ii) of the ESA, is "the
specific area(s) within the geographic area occupied by a .species...on which are found those
physical or biological features (1) essential to the conservation of that species, and (2) which may
require special management considerations or protection, and specific area(s) outside the
geographical area occupied by the species...upon a determination by the Secretary that such
areas are essential for the conservation of the species." Under Section 7 of the ESA, Federal

to that their actions not to result in the destructionagenciesare required ensure are likely or
adverse modification of a listed species’ critical habitat. Critical habitat for the winter-run
chinook salmon is defined to occur in the Sacramento River from Keswick Dam (RM 302) to
Chipps Island (RM 0) in the Delta. Also included are waters west of the Carquinez Bridge,
Suisun Bay, San Pablo Bay, and San Francisco Bay north of the Oakland Bay Bridge (NMFS
1993).

For the Sacramento River, critical habitat includes the river bottom, river water, and the
immediately adjacent riparian zone.

Impacts: The project is primarily designed to reduce juvenile winter-run chinook salmon
mortality events associated with impingement and entrainment at the screen face; however, it
would also improve survivability for most small, slow-swimming fish. During operation, project
features would reduce overall mortality to winter-run chinook salmon, although the possibility of
residual impacts exists. The bypass feature would diminish mortality by decreasing theexposure
time of winter-run chinook salmon to the screen face. Although impingement of juveniles would
be anticipated to decline significantly with the screen improvements, some minor amount of
impingement of chinook salmon could still occur.

Channel modifications in the lower oxbow would reduce predator holding areas. However,
mortality associated with project construction and operation would not be completely eliminated.
During construction, winter-run chinook salmon juveniles could become stranded behind
cofferdams and suffer losses during removal of water. There would also be potential for a minor
percentage of winter-run chinook salmon to experience predation near the bypass out-fall during
operation. The overall advantages of the screen extension for winter-run chinook salmon
populations would be expected to outweigh any potential losses. Although construction of the
project would be expected to adversely affect winter-run chinook salmon in the short-term, long-
term operation of the project would not likely adversely affect winter-run chinook salmon, due to
the net beneficial impacts of the project.
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Spring-run Chinook Salmon (Oncorhynchus tshawytscha)

Status: State Species of Concem

Habitat and Life-History: Spring-run chinook salmon enter freshwater during late winter
through spring, when fiver flows usually are high due to rain and snow-melt runoff. Adults hold
in areas downstream of spawning grounds during the summer months until their eggs fully
develop and become ready for spawning. This is the primary characteristic distinguishing the
spring-run from the other runs of chinook salmon.

Populations of spring-rim chinook salmon have declined throughout the Central ValleY and, in
some places, the run is maintained only by hatchery production (Moyle et al. 1989). In
C~ifornia, the once abundant spring-run has been reduced to small populations in the Klamath,
Trinity, and Sacramento-San Joaquin fiver drainages. Dams constructed in the 1940s and 1950s
blocked access to holding areas, resulting in the local extinction of the main historical
populations 0Vloyle et al. 1989).

LocalArea Distribution: Hatchery production maintains the majority of spfing-rtm populations
in both the Sacramento River and Klamath-Trinity River drainages (Moyle et al. 1989). Mill and
Deer creeks, upstream of HCPP, are two of the most important spawning streams for spfing-run
chinook salmon in the Sacramento River system. Spring-run chinook salmon fry less than or
equal to 40 mm in length may be present at the HCPP from January through June. Juvenile
spfing-run chinook salmon greater than 40 mm in length may be present at the~ HCPP from
October through March (Figure 3.2-3 in the Draft EIR/EIS, Chapter 3, Affected Environment).

Impacts: The project has been designed to reduce mortality of juvenile fish associated with
impingement and entrainment, including salmonid species. Although some minor amount of
impingement could still occur, mortality of juvenile chinook salmon would be anticipated to
significantly decrease with the screen improvements.

Channel modifications in the lower oxbow would reduce predator holding areas and in the lower
oxbow. However, mortality associated with project construction and operation would not be
completely eliminated. During construction, juvenile spring-run chinook salmon could become
straladed behind cofferdams and suffer losses during removal of water. There would also be a
potential for a minor percentage of spfing-run chinook salmon to experience predation in the
vicinity of the bypass outfall during operation. The overall advantages of the screen extension
for spfing-run chinook salmon would be expected to outweigh any potential losses. Although
construction of the project would be expected to adversely affect spfing-run chinook salmon in
the short-term, long-term operation of the project would not likely adversely affect winter-run
chinook salmon, due to the net beneficial impacts of the project.
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Steelhead (Oncorhynchus mykiss)

Status: Federal Proposed Endangered/State Species of Concern

Habitat and Life-History: Steelhead (an anadromous variant of the rainbow trout) are closely
related to Pacific salmon. Steelhead were once abundant in California coastal and Central Valley
drainages from the .Mexican to Oregon borders. Population numbers have declined significantly
in recent years, especially in the tributaries of the Sacramento River. Steelhead commonly
migrate to marine waters after spending one or morein fresh water. In the marineyears
environment, they mature for one to three years prior to returning to their natal stream .to spawn
as three- or four-year olds. Unlike other Pacific salmon, steelhead are capable of spawning more

once before they spawning season typically stretches from Decemberdie. Thesteelhead
tl~rough April. After several months, fry emerge from the gravel and begin to feed. Juveniles
rear in fresh water from one to four years (usually two), then migrate to the ocean as smolts. The
period of emigration for steelhead juveniles near RBDD is believed to be from November
through June, with the peak in January and February (B. Snider, pers. comm., 1996).

Local Area Distribution: Adult steelhead, generally averaging 600 to 800 mm (Moyle et al.
1989), migrate through the Sacramento River system beginning in early fall and continuing into
April. Peak immigration occurs in October (Reclamation 1991). Juvenile steelhead less than 60
mm in length are rarely captured at HCPP, and it is believed that the fry remain in the general
area of adult spawning activity above RBDD (P. Ward, pers. comm., 1996). Based on
unpublished CDFG data on fish captures in the rotary screw trap at HCPP in 1992, peak
steelhead abundance at the facility occurred during January (142 fish) and February (309 fish)
(P. Ward, pers comm., 1997). Fish captured during the two-month period ranged from 160 mm
to 280 mm in length. Juvenile steelhead abundance decreased from March through May with a
total of 81 fish (184 to 290 mm in length) captured over the three-month period.

Impacts: Although unlikely, potential negative impacts to emigrating steelhead juveniles could
occur as a result of impingement or entrainment at the screen face and predation in the vicinity of
the bypass outfall. Entrainment of juvenile steelhead would be improbable because they
typically do not occur at HCPP at sizes small enough to be entrained. Impingement of juvenile
steelhead would also be unlikely because at the time of migration they are generally too large and
fast-swimming to suffer such losses. Predation at the bypass outfall could continue to occur at
reduced rates relative to the existing condition. Losses during water removal within the
cofferdams would be possible, although most juvenile steelhead migration does not occur during
the scheduled cofferdam installation period. Construction and operation of the fish screen
extension and associated features are not likely to adversely affect the survival or recovery of
steelhead.
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Sacramento Splittail (Pogonichthys macrolepidotus)

Status: Federal Proposed Threatened/State Species of Concern.

Habitat and Life-History: The Sacramento splittail is an endemic California minnow that was
once widely distributed in lakes and rivers throughout the Central Valley, including the
Sacramento River upstream to Redding and in the American River as far east as Folsom (CDWR
1994). Present distribution includes Suisun Bay, the Napa and Petaluma rivers, the Sacramento
River as far north as Princeton, portions of the Delta (CDWR 1994), and the San Joaquin River
upstream from the confluence of the Tuolomne (Moyle et al. 1995).

Adult splittail usually reach sexual maturity in their second year. They then migrate upstream in
the late fall to early winter prior to spawning activities. Spawning occurs from mid-winter
through July in water temperatures between 48°-68°F (Wang 1986) at times of high winter or
spring runoff (CDWR 1994). Eggs acquire adhesive properties following exposure to water and
adhere to vegetation or other benthic substrates (Wang 1986). Fertilized eggs generally hatch in
three to five days and larvae begin feeding on plankton soon thereafter. Juvenile splittail inhabit
shallow areas with abundant vegetation that are devoid of strong currents (Wang 1986) as they
travel downstream from the spawning grounds to the Delta. Mature splittail are generally found
in the shallows of sloughs in edgewater habitat by emergent vegetation. They feed primarily on
benthic invertebrates and aquatic insect larvae (Moyle 1976). Although tolerant of brackish
water (Moyle 1976), splittail tend to move from areas of relatively high salinity to those
characterized by fresh water (CDWR 1994).

Local Area Distribution: The HCPP is near the northern extent of splittail habitat in the
Sacramento River. Recent records collected by CDFG of splittail occurrence at HCPP are
displayed in Table A-2. Although these records suggest a low abundance of splittail at the
HCPP, CDFG’s trapping and data recording at the facility has focused on salmonids. Juvenile
minnowscaptured incidentally, including splittail, were not generally identified to species.

Impacts: The potential for impingement or entrainment of split-tail at HCPP would be unlikely
due to its rarity within the project area and the preference of juveniles for slower moving,
shallow water. However, if present at the screen face, juvenile splittail are small and slow-
swimming enough to become entrained or impinged. Predation in the vicinity of the bypass
outfall could potentially occur, although the reduction in predator habitat associated with project
features would decrease predation events. Project features would reduce overall mortality to fish
residing at, or migrating through, the project area. Removal of the wetland area along the eastern
bank of the Sacramento River and ehannelization of the oxbow could impact splittail spawning
sites. During construction, splittail could become stranded behind cofferdams and suffer losses
during removal of water. However, due to the low numbers of this species in the area of the
project, and due to the project area being at the northern limit of splittail habitat, construction and
operation of the fish screen extension and associated features would not adversely affect the
survival or recovery of splittail.
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Table A-2 - Splittail Occurrence at the Hamilton City Pumping Plant During 1993-1996=

Monthb              1993               1994               1995                1996
March 6 O 0 0
April 0 0 0 0
May 0 0 0 2
June 0 0 0 0
July 0 0 0 0
August 0 2 ¯ 3 0
September 0 I 3 0
October 0 1 0 na
November 0 1 1 na
December 0 0 1 na
a J. Brown, pers. comm., 1996.
b No splittail were found at Hamilton City Pumping Plant during the months of January and February in 1993-1996.
na Data not available.

Amphibians

The 1995 HEP and communications with the USFWSanalysis(USFWS1995a), subsequent
(1997a), identified the Federal threatened California red-legged frog (Rana aurora draytonii) as
potentially occurring in the project area (Table A-l). The red-legged frog historically resided in
the Sacramento Valley (Stebbins 1985). The range of this species currently is restricted to
drainages in the central coast range of California and an isolated location on Pinkard Creek in
Butte County (USFWS 1996a). No locations in the vicinity of the proposed project were
registered in the CNDDB (CDFG 1996). The Federal Register Final Rule on listing the red-
legged frog states: "The (U.S. Fish and Wildlife) Service is confident that the Central Valley
floor, Sierra Nevada foothills, and southern California (south of the Tehachapi Mountains) have
been surveyed sufficiently to draw the conclusion that California red-legged frogs have been
extirpated or nearly extirpated from these regions" (USFWS 1996a). Suitable red-legged frog
habitat does not occur in the project area. Therefore, we have determined that the project would
not affect the red-legged frog.

Reptiles

Reptile species identified as potentially occurring in the general area of the project are listed in
Table A-1.

Giant Garter Snake (Thamnophis gigas)

Status: Federal Threatened!State Threatened

Habitat and Life-History: The giant garter snake occupies habitats which contain permanent or
seasonal water, mud bottoms, and vegetated dirt banks. They are commonly found within
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irrigation canals, flooded rice fields, ditches, or agricultural drains. Giant garter snakes are
generally associated with aquatic environments that contain the following resources: (1)
sufficient water bodies during the active, summer season; (2) grassy banks for basking; (3)
emergent vegetation for cover during the active season; and (4) high ground or uplands that
provide cover and refuge from flood water during the dormant, winter season.

Local Area Distribution: The species list accompanying the Fish and Wildlife Coordination Act
Report (CAR) (USFWS 1997a), identified the threatened giant garter snake as a species
potentially occurring in the project area. The present northern-most extent of the giant garter
snake range is in the Llano Seco area south of Chico (G. Wylie, pers. comm., 1997). Gi.ant garter
snakes are also found at the Sacramento, Colusa, and Delevan national wildlife refuges. No
locations are identified for this species in the vicinity of the proposed project.

Impacts: No adverse impacts to the giant garter snake could occur with the project. Water
originating at the HCPP partially supplies the Sacramento, Colusa, and Delevan refuges at
present and is one alternative source of future Level 4 (water supply for optimum habitat
management) water for these refuges under the CVPIA (Reclamation t989). The project would
ensure, should GCID facilities be required for future deliveries, adequate water quality and
quantity to the refuges. The survival or recovery of the giant garter snake would not be adversely
affected by the proposed project.

Birds

Bird species having the potential to occur in the general area of the project are listed in
Table A-1.

Aleutian Canada Goose (Branta canadensis leucopareia)

Status: Federal Threatened

Habitat and Life-History: This subspecies has been sighted in Colusa County (CDFG 1996)
during flights to and from nesting grounds (Aleutian Islands to the San Joaquin Valley). Aleutian
Canada geese winter in California from approximately November through early April. While
wintering in California, they gather in harvested fields and forage on winter wheat and remaining
post-harvest grains. Nighttime roosting spots are usually in shallow water close to their foraging
grounds. In 1990, the USFWS reclassified this subspecies from endangered to threatened. Full
recovery of the subspecies is expected to result from the acquisition and preservation of winter
habitat in the Central Valley of California (Garrett et al. 1994).

Local Area Occurrence: The closest recorded population was approximately 8.5 miles to the
east of the project site (CDFG 1996).
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Impacts: Beneficial impacts to Aleutian Canada geese could result from the stabilized water
quality and increased quantity of water available to agriculture with the project. Aleutian Canada
geese would not be adversely impacted by the proposed project.

Swainson’s Hawk (Buteo swainsont)

Status: State Threatened

Habitat and Life-History: Swainson’s hawks in the Central Valley typically construct large
nests in tall oak, cottonwood, walnut, or willow trees usually near a riparian area adjacent to their
foraging ground. The species breeds in riparian lowlands from Tulare County to northern
California, the from mid-March to in California. Malesspending period September requirelarge
expanses of grassland or agricultural fields (greater than 2,000 acres) for foraging (Estep 1989).

Local Area Occurrence: Swainson’s hawk nests are reported from a variety of locations along
the Sacramento River. One Swainson’s hawk nest was observed on the south end of
Montgomery Island during 1993 field surveys (Beak 1993). More recently, a nesting pair was
observed in cottonwoods along the western bank to the lower oxbow adjacent to South Island
(S. James, pers. comm., 1997). Suitable habitat for nesting and foraging occurs in several areas
within and surrounding the project area.

Impacts: Construction of fish screen improvements and the gradient facility could affect the
nesting habitat of Swainson’s hawk through disturbance of nesting sites or destruction of nesting
trees. One nest and another potential nesting site could be impacted during construction of the
lower oxbow improvements. The proximity of the nestilag site relative to the proposed
construction would determine the level of impact significance. Direct destruction of the nest, or
disturbance to nesting pairs of Swainson’s hawks by noise or dust disturbance, would be
considered a potentially adverse effect. Due to the institution of mitigation measures, however,
the species survival and recovery would not be adversely impacted.

American Peregrine Falcon (Falcoperegrinus anatum)

Status: Federal Endangered/State Endangered

Habitat and Life-History: Peregrine falcons prefer open ledges, caves, and potholes on high
vertical cliffs as nesting sites. These sites generally overlook rivers, lakes, or the ocean where
little cover exists to conceal prey species (Gertsch et al., 1994).

Local Area Occurrence: Peregrine falcons do not frequent the Central Valley floor, although
occasionally an individual will stray into the valley from the neighboring foothills following a
food source. Although resident populations of the peregrine falcon do not occur in the area of
the project, inland mashes and riparian areas with tall trees can play an important role as foraging
areas to migrating (Gertsch et al., 994).birds 1
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Impacts: The American peregrine falcon would not be adversely impacted by the proposed
project. Nesting habitat does not occur in the Central Valley floor and foraging habitat for this
species may occur only occasionally as individuals pursue a food source through various portions
of the Central Valley. Sightings are rare in the area of the proposed project. Construction and
operation of the project would not adversely affect the survival and recovery of this species.

Bald Ea~le (Haliaeetus leucocephalus)

Status: Federal Threatened/State Endangered

Habitat and Life-History: Bald eagles are typically found near open water (e.g., reservoirs,
lakes, and rivers). Fish are their primary prey and fall-and late fall-run chinook salmon are
c~nsidered to be a principal component of the diet of bald eagles in the project region. Large,
dead trees near open water are used for perching and are an important habitat component.

LocalArea Distribution: Bald eagles are not common along the Sacramento River but may use
the area for winter foraging. A single bald eagle was sighted periodically during the months of
November through February in the vicinity of the HCPP from 1989 to 1991, possibly foraging in
the area (P. Ward, pers. comm., 1993). No other records of bald eagle sightings have been made
in the area since that time and no nesting sites have been recorded in the surrounding area (Beak
1993).

Impacts: Bald eagles would not be adversely impacted by the proposed project. Nesting habitat
does not occur and foraging may occur only occasionally on the Central Valley floor. Sightings
are rare in the area of the propose~l project. The survival and recovery of this species would not
be adversely impa~ted as a result of project construction and/or operation.

Western Yellow-Billed Cuckoo (Coccyzus americanus occidentalis)

Status: State Endangered

Habitat and Life-History: Yellow-billed cuckoos inhabit riparian forests, preferring large tracts
of dense stands dominated by willows and cottonwoods. Nests are commonly placed in dense
cover and intermingled with willows.

Local Area Occurrence: Cuckoos have been sighted on the south end of Montgomery Island and
across the Sacramento River between RM 205 and 206 (Beak 1992). Suitable habitat for nesting
and foraging are present within the project area (Beak 1993).

Impacts: Construction of the screen extension and gradient facility alternative would affect
riparian habitat. Yellow-billed cuckoos are reliant upon this habitat type for nesting and foraging
habitat. Due to the State endangered status of the yellow-billed cuckoos, disruption of an active
nest would be considered a potentially adverse impact. Reduction in the quantity or quality of
riparian forest adequate as nesting and forage habitat for yellow-billed cuckoo would also be
considered a potentially adverse impact. While these potentially adverse impacts would exist,
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the institution of mitigation measures presented in Section A.5, Mitigation, of this document,
would preclude adverse affects to the survival and recovery of this species.

Bank Swallow (Riparia riparia)

Status: State Threatened

Habitat and Life-History: The bank swallow prefers nesting colony sites in natural banks,
bluffs, and cliffs where erosion, primarily from nmning water, maintains a vertical surface. The
vertical surface discourages growth of vegetation and protects the nest from predation. Soils
must be of sand or loam to allow for burrowing (Garrison and McKeman 1994). This species
tends to return to the same reach of river, although not necessarily the same bank site, each
nesting season (Bueclmer 1992).

LocalArea Occurrence: Bank swallows reside in their California breeding from Marchgrounds
to early September. Although not dependent on riparian vegetation, the bank swallow is
restricted to riparian areas for nesting. Humphrey and Garrison (1986) identified bank
characteristics and riparian conditions between RM 143 and RM 243 as the most suitable nesting
habitat for this species in California. Field surveys conducted in 1993 indicated active nesting
colonies along the west bank of the Sacramento River between RM 203.0 and 203.1 and at RM
201.5 (Beak 1993). Two colonies were identified in 1992 north of the proposed project area near
RM 209 (Beak 1992). A bank swallow colony was also reported at RM 205.5 in 1989 and 1990
(ECOS 1991). One bank swallow was reported using a burrow on a newly eroded bank
immediately downstream of the fish screen on May 6, 1997 (G. Stem pers. comm., 1997).

Impacts: The construction of the gradient facility would result in the temporary or permanent
alteration of vertical erosion prone banks which could provide suitable nesting habitat for bank
swallows. Alteration of the erodability of suitable bank material through the placement of riprap,
or inundation of suitable nesting habitat by project-related water level changes would reduce
potential nesting area. Loss of nesting habitat is considered a prime factor in the decline of this
species. Vertical banks suitable as nesting habitat could also be temporarily impacted through
construction activities that would temporarily preclude use of the habitat.

Because bank swallows utilize different sites for nesting in different years, temporary impacts to
limited areas of suitable nesting habitat would not be harmful to the species. Permanent
reduction in suitable nesting habitat for the bank swallow would potentially further its decline.
Due to the nature of nest-site selection, and the mitigation measures presented in Section A.5,
Mitigation, of this document, this species’ survival and recovery would not be adversely
impacted by the construction and!or operation of the screen extension.

A.4.3 Effects Conclusion

Species listed in Table A-1 that would not be affected by the project were discussed above in the
introductory portions for their respective phylogenetic classification. Those species having
known or potential habitat within or adjacent to the project area, whether permanent, seasonal, or
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transitory, were discussed in greater detail in Section A.4.2. Of these, the project is not likely to
affect, directly or indirectly, the California red-legged frog, giant garter snake, Aleutian Canada
goose, American peregrine falcon, and bald eagle. The VELB, winter and spring-run chinook
salmon, steelhead, Sacramento splittail, Swainson’s hawk, westem yellow-billed cuckoo, and
bank swallow are likely to be affected to varying degrees by the project. Mitigation for many of
these effects is presented below in Section A.5, Mitigation.

A.5 MITIGATION

The following describes recommended mitigation that could be adopted by the lead agencies.
Mitigation for loss of riparian vegetation is also integral for mitigating the loss of SRA Cover.
SRA Cover is considered part of the critical habitat for winter-run chinook salmon, as well as
b~ing a Resource Category 1 habitat. In addition, riparian vegetation provides habitat for three
other listed or proposed listed species within the project area: (1) VELB, (2) Swainson’s hawk,
and (3) the yellow-billed .cuckoo. Measures designed to effectively mitigate riparian habitat
impacts would provide benefits for these three species, and serve to mitigate for losses of SPA
Cover. For these reasons, mitigation measures for riparian vegetation are presented prior to the
specific mitigation for each species. General riparian mitigation can therefore be incorporated by
reference, as appropriate, in the specific mitigation measures for each special-status species.

An analysis to determine recommended habitat compensation acreage has been conducted by the
USFWS through the HEP analysis (USFWS 1997a). These results are presented in Appendix C
of the Draft EIR/EIS (Fish and Wildlife Coordination Act Report) and discussed in detail below.
The habitat impact acreages for the project alternatives described in the Draft EIR/EIS are
different than those shown in the Fish and Wildlife Coordination Act Report. The differences are
a result of slightly different assumptions for project design. The differences are not substantial
for any of the habitats, and are expected to change again in the future with final design and final
habitat surveys.

A.5.1 Habitat Evaluation Procedures And Recommended Compensation Acreages

The HEP analysis is a major component of habitat impact assessment and mitigation planning.
Following final project design and siting, the acreages of impacted habitat types would be re-
calculated. Recommended compensation acreages presented in the USFWS HEP analysis for
this project (Appendix C of the Draft EIR/EIS, Fish and Wildlife Coordination Act Report) will
be considered in determining f’mal mitigation.

A.5.1.1 Habitat Evaluation Procedures Process

The HEP analysis integrates ecological and modeling concepts to develop a habitat index that is
used to predict project impacts, positive and negative, on wildlife habitat (Figure A-8) and
provide recommended acreage amounts to mitigate for lost habitat. The index, termed Habitat
Units (HUs), is based on habitat quality, expressed as a Habitat Suitability Index (HSI), and area
impacted. The HUs are representative of habitat value gained or lost due to project impacts
before mitigation. The number of HUs for each habitat type impacted by the project would be
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equal to the number that would be replaced. The HUs lost or gained due to the construction of
the fish screen extension are provided in Table A-3.

!
Table A-3 - Average Annual Habitat Units (AAHUs) Lost/Gained With Construction of the Project

(USFWS 1997a)                                         I
Habitat/Cover Type ,Screen Extension and
Evaluation Species Intake Channel Open Channel Bypass Gradient Facility

No Reveg. W/Reveg. No Reveg. W/Reveg. No Reveg. W/Reveg.
SRA COVER On-Site On-Site On-Site On-Site On-Site On-Site
RESOURCE
CATEGORY 1 -0.15 -0.15 -0.05 -0.05 -0.25 -0.18
NATURAL ERODIBLE

ISHORELINE 0 0 0 0 -0.02 +0.02
RIPARIAN
(Riparian Songbird Guild) -1.88 -0.66 -6.78
EMERGENT MARSH
(Marsh Wren) 0 0 - 1.21

(Smallmouth Bass) -0.91 -0.91 -0.12

GRAVEL SHORELINE
(Spotted Sandpiper) 0 0 - 1.73 1
CROPS/ORCHARD
(Mourning Dove) 0 0 -6.17
GRASSLAND
(Short-eared Owl) -0.01 0 0

The habitat impact acreages for the preferred alternative described in this BA are slightly
different than those shown in Appendix C of the Draft EIR/EIS, Fish and Wildlife Coordination
Act Report. The differences are a result of slightly different assumptions for project design. The

Ill

differences are not substantial for any of the habitats, and are expected to change again in the
future with final design and final habitat surveys.

The impacted acreage for each habitat type would be established by superimposing final!construction features on habitat maps created from aerial photographs and field surveys. The
HEP analysis predicts the future value of revegetated, enhanced, or created sites. Based on these
predictions, the number of acres and types of habitat to be revegetated, enhanced, or created to
mitigate for project impacts are determined as I!Us. Mitigation on-site, or developed as part of
the project description, could also be factored into the HEP analysis. The quality and quantity of
on-site habitat revegetated, enhanced, or created would be predicted and those habitat values
restored and/or created on-site would be subtracted from the habitat values impacted by the
project. Any remaining habitat values would be identified as off-site mitigation requirements. ¯
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A.5.1.2 Recommended Compensation Acreages

The HEP analysis for the HCPP fish screen improvement project has been revised (USFWS
1997a) based on alterations in habitat due to high water flows and changes in project design. It is
anticipated that the HEP analysis would require further revision if the project design changes
significantly from the description provided in Section A.2 (Project Description). The most recent
HEP analysis (USFWS 1997a) calculated compensation acreages for most habitat types based
only on project impacts. Projected on-site mitigation and restoration/revegetation efforts were
not included in the calculations for all habitat types with the exception of SRA Cover. A HEP
analysis that includes on-site mitigation could be run prior to fmal determination of mitigation
acreages required for significant or potentially significant impacts to various habitat types.

Shoreline impacts, as analyzed under the current HEP analysis (USFWS 1997a), are presented in
two distinct categories under the SRA Cover heading: Resource Category 1 and natural erodible
shoreline. This encompasses erodible shoreline with overhanging cover, and instream structure
(Resource Category 1) as well as open shoreline such as unvegetated gravel shoreline and riprap
(although the latter two are included at lower HSI values) which do not fall under the strict
definition of SRA Cover as a Resource Category 1 habitat.

Using the HEP analysis, the USFWS has provided recommended compensation acreages for
habitats impacted by project feature for construction, operation, and maintenance. In calculating
compensation acreage, the HEP analysis does not include projected on-site mitigation for
riparian, emergent marsh, rivedne, and scrub-willow habitats. On-site compensation for impacts
to these habitat types could be included in future revisions of the HEP analysis, thus providing
more precise requirements for off-site compensation.

Table A-4 provides USFWS recommended compensation acreages for riparian, emergent marsh,
riverine, and gravel bar habitats (USFWS 1997a). These compensation acreages are based on
models of habitat requirements for specific species. Table A-5 provides recommended
compensation acreage for SRA Cover for all project features under the following scenario:

¯ vegetate off-sitecompensation area without the removal of riprap;

- with on-site revegetation of impacted shoreline; and
- without on-site revegetation of impacted shoreline.

Rit~arian Vegetation Miti_~ation

The proposed project would permanently affect 10.2 acres of riparian forest habitat and an
additional 1.0 acre of scrub willow habitat. To minimize this impact and provide habitat for
listed riparian species potentially affected by the project, final design of the project facilities,
placement of staging and storage areas, and location of access roads would be made to avoid
riparian habitat to the greatest extent practicable. A 10-foot buffer zone would be established
around all riparian areas to be avoided during construction. The buffer area would be clearly
marked with temporary fencing or other suitable materials. Vehicles would be permitted to
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Table A-4 - Compensation Acreages Recommended by USFWS
HABITAT TYPE Screen Extension Gradient

Evaluation Species and Upper Oxbow Lower Oxbow Facility Project Total
RIPARIAN
Riparian Songbird Guild 3.79 1.33 13.65 18.77a

EMERGENT MARSH
Marsh Wren 0 0 2.4 2.4

Smallmouth Bass 6.54 6.13 0.82 13.49
GRAVEL BAR
Spotted Sandpiper 0 0 1.89 1.89
a Orchard and cropland habitat value losses are recommended by USFWS to be mitigated out-of-kind as

riparian habitat at a ratio of 2.5 acres of crop/orchard habitat value losses as 1 acre of riparian habitat.
Values for orchards and croplands are not included in this table.
Riverine compensation acreages are based on a model for smallmouth bass requirements. Smallmouth bass
are predators and require holding areas of slow moving current in which they lie in wait for prey. The
intake channel, screen extension area and lower oxbow would be re-contoured to decrease, as much as
possible, predator holding habitat (Section 4.2 of the EIR/EIS, Aquatic Resources) to reduce impacts to
juvenile winter-run chinook salmon. Therefore, riverine compensation acreages may vary in future
analyses.

Table A-5 - SRA Cover (Resource Category 1) Compensation Acres and Linear Feet Needed to Compensate for
Impacts Due to Each Project Feature¯ as Determined by USFWS HEP Analysis (USFWS 1997a).

Screen Extension and
Intake Channel          Open Channel Bypass             Gradient Facility

Vegetate Off-Site Riprap      Vegetate Off-Site Riprap         Vegetate Off-Site Riprap
With On- No On-Site With On-Site No On-Site With On-Site No On-Site

Site Reveg. Reveg Reveg. Reveg Reveg. Reveg
Acresb’°        1.55 1.55 0.53 0.53 2.87 1.73
Linear ~.c 6,731 6,731 2,304 2,304 12,482 7,539
¯ Note ~at for the purposes of the HEP analysis, the open channel bypass feature begins at the downstream end of

the fish screen and terminates at the confluence with the Sacramento River. SRA Cover in this table includes all
shoreline within the project footprint.

b Acreage is determined using linear feet and an assumed 10-foot width for all SRA Cover and other shoreline.
Compensation determinations for the screen extension, intake channel, and open bypass channel do not currently
include consideration for on-site mitigation. On-site mitigation could be considered in future HEP analysis.

travel only along selected access routes and would remain outside of the buffer area of access
roads, staging areas, and construction zones at all times.

Whenever possible, construction activities would take place in a manner so as not to disturb
riparian habitat. For placement of permanent features within the oxbow or river, features could
be constructed to allow vehicle access from within the dewatered channel area rather than
disturbing adjacent riparian vegetation.

!
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Prior to construction, a survey would be conducted of those areas affected by project construction
to determine the relative botanical composition (species) of the sites to be affected. From this, a
species list would be constructed for use as a baseline in mitigation efforts. This survey would
aid in providing mitigation that would effectively replace the habitat impacted, and would aid in
the maintenance of appropriate species diversity. Where possible, impacts would be mitigated
on-site. Other impacts would be mitigated at a site selected in coordination with USFWS and
CDFG.

A riparian revegetation and restoration plan would be developed which would contain survey
information from surveys recommended for riparian habitat mitigation, precise locations~ on- and
off-site capable of harboring riparian reforestation/revegetation in perpetuity, implementation
s .trategies, contingency plans, monitoring plan considerationand criteria. This wouldtake into
mitigation for impacts to SRA Cover. Inclusion of SRA Cover, and coordination of riparian
mitigation with mitigation for VELB, would serve to create a diverse, self-sustaining, and fully
functional riparian habitat. Annual monitoring reports would be prepared for a minimum of five
years for both on- and off-site mitigation. Corrective recommendations would be included to
ensure the success of mitigation. Long-term protection measures would be recommended.
Reports would be submitted to USFWS and CDFG.

Several potential mitigation sites, both on and off the project area, are currently being considered
as mitigation for loss of riparian forest and scrub habitat. These sites, presented in Figure A-9
and Figure A-10, and Table A-6, include consideration for loss of VELB habitat, as well as
habitat suitable for Swainson’s hawk, yellow-billed cuckoo, and river bank appropriate for bank
swallows.

Additionally, all of these sites offer varying potential to mitigate for SRA Cover impacts. These
lands will be reviewed with agency representatives to identify those available lands most suitable
to fulfill project obligations to mitigate for riparian, elderberry, and SRA Cover habitats, and
avoid adverse impacts to listed species.

Valley Elderberry Longhorn Beetle

All mitigation measures for VELB have been designed using guidelines provided by USFWS
(1996b). These guidelines would be used during all phases of project design, construction,
operation, and during restoration and post-project monitoring.

All mitigation for impacts to VELB would be conducted using the revised guidelines provided
by the USFWS (1996b). These guidelines are hereby incorporated into this Biological
Assessment by reference. Applicable portions of the guidelines are presented below.
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FIGURE A-9. LOCAL POTENTIAL RIPARIAN AND SRA COVER HABITAT
MITIGATION OPTIONS
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FIGURE A-10. OFF-SITE POTENTIAL RIPARIAN AND SRA COVER HABITAT
MITIGATION OPTIONS
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Table A-6 - Potential Off-Site Compensation Areas Along the Sacramento River for the Hamilton City Pumping Plant Fish Screen Improvement Project
Potential Special-Status

Site Location and Type Restoration Potential Species Habitat =

River Acreage Shaded
Mile or Riverine Yellow
and Lineal Conservation Current Cover Aquatic Riparian Elderberry Wetland Erodible Bank Billed Swainson’s

No.b Bank Feet Easement Type Cover Habitat Habitat Habitat Bank Swallow Cuckoo Hawk
1 242.0 9.43 4" c 4" 4" 4’

East acres
2 242.0 0.65 ’4" c 4" 4" 4"

East acres
3 241.0 100 ’4" c 4" 4" 4"

West feet
4 2~9.8 0.51 4" c 4" 4" 4"

East acres
5 239.8 1.69 4" c 4" 4" 4" ’

East acres
6 238.1 6.17         4"             c            4"                                                          4"        4"

East acres
7 237.9 5.6 ’4" c 4" 4" 4"

East acres
8 233.9 6.51 4" c 4" 4" ’ 4"

East acres
9 231.2 4.53 4" c 4" 4" 4"

West acres
10 227.5 30 to 150 4" c 4" 4" 4"

East feet
11 226.3 0.08 4" c 4" 4" 4"

West acres
12 226.3 36.48 4" Fallow Row 4" 4" 4" 4" 4" " 4"

West acres Crops and
Riparian Forest

13 215.3 5.5 4" c 4" 4" 4’’
West acres
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Table A-6 - Potential Off-Site Compensation Areas Along the Sacramento River for the Hamilton City Pumping Plant Fish Screen Improvement Project (Continued)
Potential Special-Status

Site Location and Type Restoration Potential Species Habitat ¯

River Shaded
Mile Acreage Riverine Yellow
and or Lineal Conservation Current Cover Aquatic Riparian Elderberry Wetland Erodible Bank     Billed Swainson’s

No. b Bank Feet Easement Type Cover Habitat Habitat Habitat Bank Swallow Cuckoo Hawk
14 215.3 2.33 d" c

West acres.
15 215.0 1.57 d’ c

West acres
16 215.0 7.24 4’ c

West acres
17 209.5 3.4 d’ c

West acres
18 209.0 10.0 d’ c

West acres
19 208.6 to 141.8 d Riparian Forest

209.3 acres and Orchard
East

20 208.8 to 10.3 Riparian Forest d" 4’ 4’ d’ �’ d’ �’ 4’
207.7 acres and Walnut
East Orchard

21 205 71.1 Walnut Orchard
West acres

22 204.9 2.27 ~/ e
West acres

23 202.3 to 260 d Riparian Forest,
205.1 acres Wetland Habitat
Both and Extensive

Gravel Bar
24 186.5 234.70 Riparian Forest

Both acres and Walnut
Orchard
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Table A-6 - Potential Off-Site Compensation Areas Along the Sacramento River for the Hamilton City Pumping Plant Fish Screen Improvement Project (Continued)
Potential Special-Status

Site Location and Type Restoration Potential Species Habitat ¯

River Shaded
Mile Acreage Riverine Yellow
and or Lineal Conservation Current Cover Aquatic Riparian Elderberry Wetland Erodlble Bank     Billed Swainson’s

No. b Bank Feet Easement Type Cover Habitat Habitat Habitat Bank Swallow Cuckoo Hawk
25 182.5 to 88 Row Crop.

183 acres Riparian Forest
West

26 174 192 Riparian Forest
West acres and Walnut

Orchard
27 168-169 42.06 Walnut Orchard

West acres
a Where the presence of special status-species is noted, the species may currently occur or historically may have occurred within the bounds of the site or on nearby habitats. It is

also important to note that yellow-billed cuckoos, bank swallows and Swainson’s hawks have been reported throughout the Sacramento River corridor and that because they
are mobile they would likely colonize new areas of suitable habitat.

b Refers to the site number specified on Figure A-10.
° Owned by the California Department of Fish and Game.
d These properties are narrow strips of land associated with levees and bank protection therefore it is difficult to characterize their habitat type from aerial photographs. Because

these sites are under conservation easements that require the owner to let the site naturally revegetate or to actively revegetate with native vegetation these sites could house
SPA Cover or riparian habitat.
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Should the initiation of project construction be delayed any later than October 31, 1998 (two
years following the most recent surveys for elderberry), project riparian areas would be
resurveyed for elderberry shrubs within two years prior to the start of construction. All shrubs
would be mapped and counted and the number of stems greater than 1 inch (2.54 centimeters
(em)) in diameter at ground level counted and recorded. No mitigation would be required for
plants having no stems greater than 1 inch (2.54 cm.) in diameter at ground level. During
construction, all elderberry shrubs in the project vicinity would be flagged and fenced to provide
two levels of avoidance:

¯ A minimum 20-foot core avoidance area from the drip line of all plants with a stem.or stems
measuring 1 inch (2.54 era) or greater at ground level; and

¯ A buffer avoidance area of 100 feet from the same plants, when practicable. Activities would
be minimized within the buffer area.

Signs would be required to be erected every 50 feet along the edge of the avoidance areas and
would contain the following information: "This area is habitat of the valley elderberry longhorn
beetle, a threatened species, and must not be disturbed. This species is protected by the
Endangered Species Act of 1973, as amended. Violators are subject to prosecution, fmes, and
imprisonment." Signs must be clearly legible for a minimum of 20 feet and maintained
throughout construction. All damage to buffer areas would be restored. Both core and buffer
areas would continue to be protected and maintained following construction from unforeseen
adverse effects of project operation and maintenance. A map of the avoidance area would be
provided to USFWS and all construction supervisors.                    ~

An information would be implemented to inform all contractors and work theprogram crewson
status of VELB, the requirements to avoid damaging elderberry shrubs, rationale and background
regarding their protection, and possible penalties for not complying with these provisions. All
workers would be provided with information on the appearance of elderberry shrubs and would
be required to sign a form indicating that they have completed the information program. These
forms would be maintained on-site. These signed forms would be a prerequisite to each worker
being allowed on the job site.

Unavoidable elderberry shrubs within the area of disturbance having a stem or stems with a
diameter of 1 inch (2.54 cm) or greater would be transplanted when dormant (November 1
through February 15, unless otherwise specified by USFWS) to a mitigation area on- or off-site.
All transplanting would occur with a qualified biologist on-site at all times. The monitor will
ensure no unauthorized take occurs and report any unauthorized take to USFWS and CDFG.
Shrubs which are in poor condition or difficult to move could be exempted from transplantation
and compensated for through an increase in the ration of seedlings planted. Sites receiving
shrubs would be prepared, and shrubs transplanted and maintained, per USFWS guidelines
(USFWS 1996b).
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A mitigation area of at least 1,800 square feet should be provided for each transplanted
elderberry shrub. For each transplanted and/or destroyed stem greater than 1 inch (2.54 cm) in
diameter, seedling elderberry plants would be planted from local stock at a ratio of 3:1. Should
the USFWS determine that an impacted shrub is an unsuitable candidate for transplanting,
seedlings or cuttings could be planted at a ratio of 6:1 for each of those that could not be
transplanted.

All restoration and revegetation would be conducted in conjunction with measures undertaken to
mitigate for riparian habitat impacts (see measures for riparian habitat). This would provide an
appropriate mix of native riparian plants associated with the elderberry shrubs at the project site.
At least one specimen of a native tree or shrub species would be planted from local stock and
monitored for every elderberry seedling planted. The mix of associate species would be
d~termined by surveys conducted to characterize riparian vegetation. Up to 5 elderberry
seedlings or cuttings and 5 associates could be planted within the 1,800-square-foot area (170.4

meters)allotted for the transplanted elderberry shrubs. For each additional 5 elderberrysquare
seedlings or cuttings and 5 of their associates, provision of an additional minimum of 1,800
square feet (170.4 square meters) must be made. Each plant would have its own watering basin.

A formal elderberry revegetation and restoration plan would be developed in conjunction with
the restoration plan developed for riparian vegetation and in accordance with VELB mitigation
guidelines (USFWS 1996b). This plan would be developed to specifically address the
characteristics of the mitigation site(s) chosen. Potential locations on- and off-site capable of
harboring riparian reforestation/revegetation, implementation strategies, contingency plans, and
monitoring criteria would be included. Potential on-site mitigation locations are shown in
Figure A-9. Potential off-site mitigation locations are described in Table A-6 and shown in
Figure A-10. Precise location(s) of monitoring would be determined in the final revegetation and
restoration plan.

Based on the proposed action, the mitigation required for VELB is described in Table A-7.
Final mitigation amounts could vary should the f’mal design be modified. However, all
mitigation for VELB would be developed under guidelines developed by the USFWS (1996b).

Table A-7 - Mitigation for Elderberry Shrubs:
Number Of Stems And Acreage Required For Compensation

# Elderberry
Stems Greater
Than 1 Inch # Elderberry

# Elderberry (2.54 cm) in Stems To Be
Clusters Diameter Planted For # Riparian Acreage

to be to be Mitigation Associates To Required For
Transplanted Transplanted 3:1 Ratio Be Planted Compensation

Screen 7 153 459 459 3.8
Extension
Gradient 44 289 867 867 7.2
Facility
Total 51 442 1,326 ¯ 1,326 11.0
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Annual monitoring reports would be prepared for a minimum of 10 years for both on- and off-
site mitigation. Corrective recommendations would be included to ensure the success of
mitigation per criteria provided by USFWS (1996b). Long-term management, including weed
and pesticide control, litter control, fencing and sign requirements, funding, and protection
measures would be recommended for protection of the mitigation area(s) in perpetuity. Reports
would be submitted to USFWS, Reclamation, the Corps, and CDFG.

Swainson’s Hawk

Impacts due to the loss of potential raptor nesting habitat would be mitigated through measures
outlined above which provide for avoidance and revegetation/restoration of riparian habitats (see
riparian habitat mitigation) and include considerations for nesting habitat for Swainson’s hawk.

Prior to construction, a survey within a 0.5 mile radius of all project facilities would be
conducted by a qualified biologist to determine the location(s), if any, of active or potentially
active, nesting sites for the Swainson’s hawk. Construction activities would be planned to avoid
construction within 0.25-0.5 mile of any active nest (dependent on site conditions) between
March 1 and September 31 (R. Jurek, pers. comm., 1996). This period could be shortened to
extend through August 15 through a Management Authorization from CDFG.

Allowable construction windows for Swainson’s hawk could come into competition with
windows for species with Federal or State endangered status, such as winter-run chinook salmon.
Following consideration and ranking of the relative potential harm, precedence would be given to
those species with more pressing conservation requirements. Should significant impacts to
Swainson’s hawks be identified under this scenario, construction activities which could occur
within 0.5 mile of the active nest (that would not be constrained by the construction window(s)
of other species) would be identified. These activities would be scheduled to occur prior to
March 1 or after September 31 (or August 15, if authorized by CDFG).

Yellow-Billed Cuckoo

Measures would be implemented to avoid and mitigate for the loss of nesting and forage habitat
for riparian.forest and riparian willow scrub habitat. Mitigation, in consultation with CDFG,
would include conservation, restoration, and/or enhancement of habitat for the yellow-billed
cuckoo.

Prior to construction, surveys would be conducted of all areas suitable for nesting yellow-billed
cuckoos, including those areas on the south end of Montgomery Island and the east bank of the
Sacramento River as identified by Beak (1993). These surveys would include all dense riparian
habitat potentially impacted by construction of the proposed project as well as areas within
50 yards of construction (S. Laymon, pers. comm., 1996), as prolonged activity within 50 yards
of active nest could result in abandonment. Surveys would be conducted between mid-June
and mid-July.
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Yellow-billed cuckoo nest sites are difficult to precisely locate. Should cuckoos be determined
to be potentially located in the area of project construction, the area of greatest activity could be
assumed to encompass a nesting site. This area, and the area within a 50-yard radius, must be
clearly marked and construction personnel instructed to prevent disturbance of nesting birds
during the avoidance period of June through September 15 (J. Gustafson, pers. comm., 1996) or
until the birds have fledged. Should yellow-billed cuckoos be found nesting, or potentially
nesting, in an area that would be potentially impacted during construction, alteration of this
habitat must be conducted either prior to June 15 or after September 30 when nesting birds are
absent.

Bank Swallow

Bank swallows nest in erodable bank faces above flowing water. The following mitigation could
be used to ensure that the proposed project would not adversely impact this species and its
habitat.

As part of the implementation of avoidance and other mitigation measures for riparian habitat,
Consideration would be given to inclusion and conservation of bank habitat suitable for bank
swallows.

Prior to construction, surveys would be conducted by a qualified biologist to determine if nesting
bank swallows, or riverbanks suitable for nesting, would be present in the impacted area. When
possible, project features and construction areas would be placed to avoid suitable nesting habitat
for bank swallows. Measures would also be undertaken prior to construction and the nesting
season to prevent nesting in suitable habitat within 0.25 mile of the construction site between
April and August (’R. Schlorff, pers. comm., 1997). Further mitigation would be adopted as
required in the CDFG Biological Opinion.

Shaded Riverine Aquatic Cover

Approximately 3.3 acres of SPA Cover and 2.4 acres of other riverine shoreline would be
affected by the project (USFWS 1997a). SRA Cover provides rearing habitat for a variety of
outmigrant juvenile and small fish species, including winter-run chinook salmon, steelhead, and
splittail. Further, SPA Cover is considered a very valuable part of the critical habitat of winter-
rtm chinook salmon on the Sacramento River; therefore, any loss of SPA Cover would be
considered as an adverse impact. The following measures are recommended to mitigate for
adverse impacts to SPA Cover.

Measures would be implemented to avoid mitigation impacts to riparian habitat. As restored
areas of riparian vegetation develop, long-term growth and recruitment would provide in-channel
structure, such as large logs and overhanging vegetation for cover. SPA Cover would be an
integral portion of the planning, implementation, and monitoring of a general riparian mitigation
plan. Reports would be generated annually by GCID to USFWS, CDFG, the Corps, and
Reclamation.
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Should the area to create adequate SRA Cover adjacent to riparian restoration areas be
insufficient to fully mitigate for losses associated with the project, or should incorporation of
SRA Cover into riparian mitigation be deemed infeasible, SILk Cover would be restored at off-
site mitigation properties. Potential on-site mitigation areas for SRA Cover are illustrated in
Figure A-9 while potential off-site mitigation locations are described in Table A-6.

Winter-run Chinook Salmon

Potential impingement and entrainment due to non-uniform approach and sweeping velocities
would be mitigated by baffles behind the screen to optimize screen approach and s.weeping
velocities, and minimize or eliminate hydraulic "hot-spots" along the screen face (where any

and entrainment would be expected to occur).BecausePotential impingement precise
performance of baffles to be installed behind the screen cannot be determined prior to screen
construction, a monitoring program would be developed and implemented upon screen
installation. This program would determine the extent to which additional baffles could be
required, direct the location of modifications, and monitor the effectiveness of adjustments along
the screen face.

To minimize losses to winter-run chinook salmon due to installation of the cofferdams, fish-
stranding monitoring and "rescue seining" would be conducted within the areas enclosed by the
Cofferdams as soon as possible following completion of cofferdam installation, and prior to water
.removal.

Spring-run Chinook Salmon

Potential impingement and entrainment due to non-uniform approach and sweeping velocities
would be mitigated by baffles behind the screen to optimize screen approach and sweeping
velocities, and minimize or eliminate hydraulic "hot-spots" along the screen face (where any
potential impingement and entrainment would be expected to occur). Because precise
performance of baffles to be installed behind the screen cannot be determined prior to screen
construction, a monitoring program would be developed and implemented upon screen
installation. This program would determine the extent to which additional baffles could be
required, direct the location of modifications, and monitor the effectiveness of adjustments along
the screen face.

To minimize losses to spring-run chinook salmon due to installation of the cofferdams, fish-
stranding monitoring and "rescue seining" would be conducted within the areas enclosed by the
cofferdams as soon as possible following completion of cofferdam installation, and prior to water
removal.

Steelhead

on (e.g., depth, type) areas by cofferdams,Based river conditions substrate enclosed the
appropriate methods (e.g., "rescue seining") would be employed to reduce the magnitude of
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losses to migratory juvenile fishes associated with cofferdam installation and removal of water
for construction purposes.

Sacramento Splittail

Based on fiver conditions (e.g., depth, substrate type) within areas enclosed by the cofferdams,
appropriate methods (e.g., "rescue seining") would be employed to reduce the magnitude of
losses of migratory juvenile fishes associated with cofferdam installation and removal of water
for construction purposes.

A.6 CONCLUSION

Analysis of available data on listed and proposed species impacted by the HCPP fish screen
improvement project indicates that a number of species would likely be affected by the project as
described in Section A.2,. Project Description. Construction would be expected to result in
unavoidable significant impacts to winter and spring-rtm chinook salmon, steelhead, and
Sacramento splittail; however, these impacts would be mitigated to the extent feasible and would
be temporary. The lead agencies are evaluating construction schedule options to assess the
feasibility of staging in-river construction activities so that potential impacts to special-status fish
species would be minimized to the extent feasible. Long-term operation of the project would
result in a reduction in impingement and entrainment of these fish species, resulting in a
reduction of take at the fish screen, although a small degree of impingement and entrainment
could continue to occur. Implementation of mitigation and monitoring would result in long-term
fish protection levels acceptable to NMFS and USFWS while allowing GCID to divert its full
water allocation. The project would also result in long-term, potentially significant impacts to
SRA Cover. These impacts would be mitigated to the greatest extent practicable through
implementation of measures to mitigate losses of riparian habitat. Regarding other affected
species, impacts to VELB, Swainson’s hawk, western yellow-billed cuckoo, and bank swallow
are fully mitigable through the implementation of the measures recommended in this Biological
Assessment.
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B.1 INTRODUCTION

Computer-ran simulations were performed to assess potential hydrologic impacts due to the
Hamilton City Pumping Plant (HCPP) Fish Screen Improvement Project. These simulations
relied primarily on the use of the United States Department of the Interior, Bureau of
Reclamation’s (Reclamation) Pr_Lgject Simulation (PROSIM) model, Reclamation’s temperature
models, a water supply operations model for the Glenn-Colusa Irrigation District (GCID) service
area, and several ancillary spreadsheets that aided in input data development and 6utput analyses.

PROSIM was used to provide a monthly operation of the Federal Central Valley Project (CVP)
and the State of California’s State Water PROSIM also used deriveProject(SWP). Was to
average monthly Sacramento River flows and CVP deliveries for a 70-year trace (hydrologic
period of record from 1922 to 1991). A 70-year hydrologic trace based on available historic
information was used to capture extremes in the Sacramento River. Resultant Sacramento River
flows and CVP deliveries from PROSIM were used in conjunction with GCID water supply
availability criteria as input to the GCID water supply operations model. The water supply
operations model was used to determine how much water would be supplied from each available
source to satisfy GCID demands. Deliveries from each source were determined according to a
cost-based priority.

Output from PROSIM and calculated diversions from the GCID water supply operations model
were input into Reclamation’s temperature model to simulate average and seasonal variability in
monthly Sacramento River water temperatures at Vina and Butte City for the period of record. A
flow chart describing the relationship of the models is presented in Figure B-1.

For purposes of analysis, two hydrologic conditions were analyzed: 1995 hydrologic conditions
and 2020 hydrologic conditions. 1995 hydrologic conditions represent existing conditions for
this analysis and 2020 hydrologic conditions represent future conditions (e.g., land use and
demands). 1995 hydrologic conditions served as the baseline for assessing .near-term changes
that would be attributable to the project and no-project alternatives being analyzed.

The hydraulic gradient between the upstream and downstream ends of Montgomery Island
continually changes and has decreased since 1995; therefore, the analyses of HCPP diversions
based upon 1995 river water surface elevations represent better conditions than currently exist for
fish screen operations. 2020 hydrologic conditions were modeled to assess changes due to the
project’s operations under future CVP Operations, as defined by Reclamation’s PROS!M
assumptions for the year 2020.

The following sections describe the models in more detail and the assumptions for the hydrologic
analyses. Summary results of the modeling are presented in Section 4.1, Hydrology and Water
Resources of Chapter 4 (Impact Analyses) and in Chapter 5 (Comparison of Alternatives) of the
EIR/EIS. Detailed output tables and graphs are presented in Sections B.5, B.6, and B.7 of this
report.
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B.2 RECLAMATION PROSIM MODEL

B.2.1 Description

PROSIM is a mass balance hydrologic simulation model of the CVP and SWP which runs on a
monthly time step. PROSIM’s operation is driven by water demands and operating rules. The
model depicts the geographical area encompassing all drainage areas flowing into the
Sacramento~San Joaquin River (Delta) and areas affected by SWP and CVP facilities, including
the Delta and Delta Exports. The following CVP/SWP facilities are explicitly simulated in
PROSIM:

¯ Clair Engle, Whiskeytown, and Shasta/Keswick reservoirs (CVP);
¯ Clear Creek and Spring Creek tunnels (CVP);
¯ Oroville Reservoir (SWP);
¯ Folsom and Natomas reservoirs (CVP);
¯ Tracy (CVP), Contra Costa (CVP), and Banks (SWP) pumping plants;
¯ San Luis Reservoir (joint CVP and SWP); and
¯ East Branch and West Branch SWP reservoirs.

The Glenn-Colusa, Tehama-Colusa, Folsom South, Delta-Mendota, and California Aqueduct
canals are also represented. Certain other systems tributary to the Delta are incorporated as fixed
input into PROSIM. These include the San American, Yuba~ and Bear rivers, andJoaquin,upper
east side streams (Cosumnes, Calaveras, and Mokelumne rivers).

PROSIM represents the system components with a network of 55 computational nodes
(Figure B-2), using a mass balance approach to simulate movement of water, accretion (inflow),
groundwater accretion/depletion, and diversions. CVP and SWP operations are simulated
according to operational rules and constraints, such as minimum storage requirements and
priority of releases from reservoirs. Some operations decisions are made monthly, such as Delta
outflow requirements, while others are made once a year, such as water year type and certain
stream flow requirements. PROSIM output includes flow, diversion, and/or storage at each node
for the 70-year (1922-1991) simulation.

The PROSIM node of interest for the fish screen improvement project is Node 9. Node 9
represents diversions to GCID, as well as diversions for Tehama-Colusa Canal (TCC), Maxwell
Irrigation District, Princeton-Codora-Glenn Irrigation District, and Provident Irrigation District.

An inconsistency was discovered in the PROSIM input hydrology that may cause the model to
over-estimate the flexibility of CVP operations. As a result, PROSIM simulations in this
EIR/EIS may somewhat alter the use of CVP storage and CVP water deliveries in dry and critical
years. This alteration has like effects in each alternative, including the no-project alternative.
Because of the parallel effect on alternative simulations, and the use of comparative impact
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FIGURE B-2. BUREAU OF RECLAMATION PROJECTS SIMULATION
MODEL (PROSlM) SYSTEM SCHEMATIC

Clair Englez~ 1’ 1’

i Fw
Shasta/Keswick                                                        ’II

,Fw
Clear Cree~~ Red Bluff ii

¯Trinity River " ~,~- I
FwI c_orni,ngl

Tehama-~
Colusa I D--

-- "D~ ~ D~J~) D~’~F"    Feather River I

DG~L..~.~. ~ ~ F~WD,~G FWD~_G p.~FolsomD ~l~~rica~n River
!

Outflow Banks                                                                     J
’ |!

Pre-operated Eastside Streams

!
San Luis ....      ’N.ei~

[’~" ,i Pre-operated San Joaquin River

i

[-"~:     Legend
"~="= Flow ~ Export

~ 1P = Inflow C~) = Nodeorcomputationpoint

Mendota Pool G = ~in M = Re.~o~r
R = Ra~.~.~ ~.:..-i" = Sime~aUon i~West~

Branch Fw = Minimum instream flow requirementD Reservoirs
D = Project AG and/or M&I and/or Non-project demand

ID

B-4 Appendix B    ’nm

C--086030
C-086030



TECHNICAL REPORT APPENDIX B

analyses of EIR/EIS hydrology and water issues, there is no expected change in the impact
analysis conclusions presented in the EIR/EIS. The simulations will be reviewed prior to the
Final EIR/EIS to confirm actual effects on storage and deliveries.

B.2.2 Assumptions - 1995 Hydrology

As mentioned previously, two hydrologic conditions were analyzed: 1995 conditions to
determine near-term changes due to the project or no-project alternatives; and 2020 hydrologic
conditions to assess changes due to the project’s operations under future CVP operations, as
defined by Reclamation’s assumptions for the year 2020. The following describe the assumptions
for hydrology and demands, deficiencies, minimum flow requirements, and reservoir operations
for the 1995~hydrologic conditions analysis.

B.2~2.1 Hydrology and Demands

In 1992, the Department of Water Resources (DWR) compiled a database of 70 years of
hydrologic data for the Central Valley referenced by DWR as "HYD-C-06A". This database is
the 1922-1991 hydrologic trace superimposed on an assumed 1995 land use and level of
development. This level of hydrology represented they"existing conditions" for the purposes of
this analysis.

CVP Demands

CVP demands were represented by Reclamation contractual amounts unless the 1995 level of
demand was less, in which case the latter was used. The demands upstream of the Delta varied
by year per the HYD-C-06A work of DWR. The demands south of the Delta were assumed to
remain constant year to year. Demands included:

¯ Long-term agricultural and municipal and industrial (M&I) contractors.
¯ Refuges - 105,000 acre-feet (ac-ft) for the Sacramento Valley (Colusa, Delevan, and

Sacramento national wildlife refuges) and 137,000 ac-ft for San Joaquin Valley refuges.

The demands for PROSIM Node 9 are summarized in Table B-1.

SWP Demands

Annual SWP south of Delta demand and the monthly patterns were based upon the following:

¯ DWR Bulletin 132-93 entitlements and Draft Bulletin 160-93.
¯ A total SWP contract amount (Feather River service area) of 1,047,000 ac-ft.
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¯ Demand north of the Delta was a pre-operated time series taken from the DWR Depletion
Analysis, which includes deficiencies for dry periods.

¯ A variable SWP demand with a maximum delivery to the south of the Delta of 3,600,000
at-ft.                                            ¯

TaMe B-1 - PROSIM Node 9 Demands
Existin ~ Conditions

PROSIM Node 9 Contract Amount (ac-ft)
Glenn-Colusa Irrigation District 825,000
Maxwell Irrigation District 17,980

: Princeton-Codora-Glenn Irrigation District 67,810
Provident Irrigation District 54,730
County of Colusa 60,000
Colusa County Water District 62,200
Davis Water District 4,000
Dunnigan Water District 19,000
Glide Water District 10,500
Kanawha Water District 45,000
La Grande Water District 5,000
Orland-Artois Water District 53,000
Westside Water District 25,000
Colusa Drain Mutual Water Company 57,637
Sacramento National Wildlife Refuge 50,000
Delevan National Wildlife Refuge 30,000
Colusa National Wildlife Refuge ...... 25,000

gastside Streams

A time-series of monthly flows representing the combined net runoff to the Delta from the
Cosumnes,Mokelumne, and Calaveras rivers was taken from a previous Reclamation San
Joaquin Area Simulation Model (SANJASM) run titled:

SJ=361X RUN=P21 PR=800_Bll WQCP=None WQVOL=I.5Relax FWCP=1700 VQ=455/650 BY=1995
CSJ=155

San Joaquin River

A time-series of monthly flows at Verualis was taken from a previous Reclamation 1995 Bay-
Delta SANJASM run titled:

SJ=361X RUN=P21 PR=800_Bll WQCP=None WQVOL=I.5Relax FWCP=1700 VQ=455/650 BY=1995
CSJ=155

B-6 Appendix B
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B.2.2.2 Deficiencies

In water-short years, water allocations to CVP contractors may be less than contract amounts.
The difference between allocation and contract amount is a CVP deficiency.

CVP Deficiencies

CVP deficiencies were based upon the following assumptions:

¯ Deficiencies for agricultural and settlement contractors were based upon the Reclamation
water supply contracts (agricultural contract deficiencies canfrom 0 to 100 percent,range
whereas settlement contract deficiencies can be 0 or 25 percent).

¯ Refuge deficiencies were based upon projected Shasta inflow for the contract year (Shasta
Index was applied), to exchange contractors.similar

¯ For American River contractors, with the exception of contract year 1977, sufficient
water was available in the American River to deliver CVP contract amounts based on
deficiency criteria and full water rights. Deficiencies to water rights and M&I contractors
for contract year 1977 were pre-process and input to PROSIM, consistent with the PEIS.

SWP Deficiencies          " ’

SWP Deficiencies were imposed based upon the following criteria.

¯ Deficiencies were applied equally to agricultural and M&I contractors south of the Delta.
¯ As with CVP losses, deficiencies were not applied to SWP losses.

B.2.2.3 Minimum Flow Requirement Criteria

Minimum flows were based upon the following criteria.

Lower American River minimum fish and recreation flows were variable, and determined
based on the available storage in Folsom Reservoir per modified State Water Resources
Control Board (SWRCB) Decision-1400 operations criteria.

¯ Feather River fish flows were maintained per the agreement between DWR and the
California Department of Fish and Game (CDFG) dated August 26, 1983.
Trinity River minimum fish flows downstream of Lewiston Dam were maintained at
340,000 ac-ft per year for all years, based on the U.S. Fish and Wildlife Service
(USFWS) pattern dated August 22, 1995.

¯ Sacramento River minimum fish flows below Keswick Dam were set according to the
National Marine Fisheries Service (NMFS) 1993 Winter-Run Chinook Salmon Biological
Opinion at a minimum of 3,250 cubic feet per second (cfs).
Sacramento River Navigation Control Point (NCP) flows were maintained at 5,000 cfs
for all 12 months of Wet year types and 4,000 cfs for above and below normal year types,
and 3,250 cfs of all 12 months for years with severe deficiencies to CVP contractors.
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¯ Water quality objectives for winter-run chinook salmon were modeled per the NMFS
Biological Opinion (1993).

The minimum flow requirement criteria used in the existing conditions simulations are
summarized in Table B-2. These criteria are from Reclamation’s "Modelling Assumptions for
the Base Scenario of the CVPIA Dedicated Yield Study" (1996).

Table B-2 - PROSIM Minimum Flow Requirement Criteria for Existing Conditions
Minimum     Maximum~

Location Function Of (cfs) (cfs)
Trinity River Below Lewiston Dam Year Type - Shasta Index~ 300 1740
Trinity Water Through Clear Creek Clair Engle Storage3 0 3300
Tunnel
Clear Creek Below Whiskeytown Year Type - Shasta Index4 50 100
Dam

DamSacrament° River Below Keswick
Shasta Storage5 3250 6000

Sacramento River Below Red Bluff Year Type - Shasta Index6 3250 3900
Diversion Dam
Sacramento River at Navigation CVP Deficiency Level7 3250 5000
Control Point
Feather River Below Oroville Dam Year Type - Oroville Index8 1000 1700
Feather River at Mouth Year Type - Oroville Index8 1000 1700
American River Below Nimbus DamFolsom Storage and Inflow9 250 3000
American River at Mouth Year Type - 40-30-30 Index1° 188 500
Delta Outflow to Ocean Month, Year, WQ standardsn 2500 14000

These maximum required minimum flow requirements may be increased depending on the need for ramping
down from large releases in previous month.

2 A fixed monthly pattern summing to 340,000 ac-ft per year for all year types was used. No ramping was
considered. The 340,000 ac-ft amount was based on a May 8, 1991 decision by the Secretary of the Interior.
No specific pattern had been established by October 1992. A recently developed pattern was assumed to be
suitable.

3 The minimum flow requirement varied from month to month depending on the month of the year and the
storage conditions at Clair Engle. No ramping was considered. Input data attempted to bias the timing of
these flows towards late spring for temperature reasons.

4 Fixed monthly patterns summing to 42,000 ac-ft per year in non-critical years and summing to 39,000 ac-ft

per year in critical years were used. This is per Reclamation operating policy, based largely on a
memorandum dated May 3, 1967 from the National Park Service to Reclamation, which in turn is based on
the Agreement dated March 31, 1960 between CDFG and Reclamation.

5 The minimum flow requirement varied from month to month depending on the month of the year and the
storage conditions at Shasta Reservoir. No more than 20% reduction from the previous month’s flow was
permitted between November and March. This ramping provision was disregarded if the previous month’s
flow was ~reater than 6,000 efs. Input data attempted to reflect the NMFS Biological Opinion (1993).

!
!
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Table B-2 - PROSIM Minimum Flow Requirement Criteria for Existing Conditions .(Continued)
6 3,250 cfs was required in all months of all year types, except September in non-critically dry years, which

required 3,900 cfs. These minimums meet or exceed the requirements set forth in the 1960
CDFG/Reclamation Agreement, as well as the requirements set forth in the October 8, 1981 letter to the
CDFG from Reclamation.

7 The minimum required flow depends upon the CVP deficiencies for Sacramento Valley contractors. 5,000

cfs is maintained during wet This flow can be reduced during with increased deficiencies toyears. years up
3,250 cfs. for the most severe deficiency.8 1,700 cfs was required October through March of non-critical years. 1,200 cfs was required October through

February (1,000 cfs in March) of critical years. 1,000 cfs was required April through September in all year
. types. Critical years were defined as years when the previous April through July unimpaired inflow to
Oroville was below the historical average of 1,964,000 at-ft. These required flows were reduced by 25% if
Oroville storage dropped below 1,500,000 at-ft. Per the August 26, 1983 agreement between DWR and
CDFG, the above minimum flow requirements were modified further if releases exceeded 2,500 cfs between
October 15 and November 30. PROSIM’s implementation of this criteria included the exemption of flood
control releases from the preceding criteria.

9 The monthly minimum flow requirements for October through February depend on the beginning-of-month
Folsom storage. The requirements in March through September depend on the beginning-of-month Folsom
storage plus forecasted inflow for the remainder of the water year. No more than 20%reduction from the
previous month’s flow was permitted between November and March. This ramping provision was disregarded
if the previous month’s flow was greater than 3000 cfs. These provisions revealed instream flows that mimic
recent actual operations.

10 SWRCB Decision-893 provisions were used. Flows exceeded these provisions in almost every month, which

accurately represents recent actual operations.
~ SWRCB’s May 1995 Water Quality Control Plan (WQCP)

B.2.2.4 Reservoirs

Reservoir operations were based upon the following criteria.

¯ Folsom Reservoir flood control reservation varied from 400,000 to 670,000 ac-ft.
¯ Reservoir inflows were estimated at 1995 HYD-C-06A projected level of development

for upstream depletion and upstream reservoir operations.

B.2.3 Assumptions - 2020 Hydrology

As mentioned previously, two hydrologic conditions were analyzed: 1995 conditions to
determine changes due strictly to the project or no-project alternatives; and 2020 conditions to
determine effects of the project alternatives within the cumulative predicted changes in CVP
demands and operations. The following describe the differences from the 1995 hydrologic
analysis.

~l
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B.2.3.1 Hydrology and Demands

For the 2020 hydrologic conditions analysis, the 70-year hydrologic trace was superimposed on
an assumed 2020 projected level of development. This data set is referenced by DWR as
"HYD-C-9A".

CVP Demands

The following assumptions for CVP demands differed from the 1995 hydrologic analysis~

* CVP M&I and Cross Valley Canal demands were represented as full contractual amounts.
¯ CVP agricultural demands were represented by maximum historical use.
¯ Refuges - 92,350 ac-ft for the Sacramento Valley (Colusa, Delevan, and Sacramento national

wildlife refuges) and 154,556 ac-ft for San Joaquin Valley refuges served by the CVP.

The demands for PROSIM Node 9 for future conditions are summarized in Table B-3.

Table B-3 - PROSIM Node 9 Demands
Future Conditions (2020)

PROSIM Node 9 Contract Amount (ac-ft)
Glenn-Colusa Irrigation District 825,000
Maxwell Irrigation District 9,125
Pdnceton-Codora-Glenn Irrigation District 67,810
Provident Irrigation District 48,747
County of Colusa 60,000
Colusa County Water District 62,200
Davis Water District 4,000
Dunnigan Water District 19,000
Glide Water District 10,500
Kanawha Water District 45,000
La Grande Water District 5,000
Orland-Artois Water District 53,000
Westside Water District 25,000
Colusa Drain Mutual Water Company 57,637
Sacramento National Wildlife Refuge 46,400
Delevan National Wildlife Refuge 20,950
Colusa National Wildlife R~ef~uge 25,000

SWP Demands

The following assumption for SWP demands differed from the 1995 hydrologic analysis:

¯ SWP demand south of the Delta was 4,222,000 ac-ft.
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San Joaquin River

The following assumption differed from the 1995 hydrologic analysis:

¯ A time-series of monthly flows at Vernalis was taken from a previous~Reclamation 2020
Bay-Delta SANJASM run with the following run titled:

SJ=366 RUN=NE1 NAA_G21,98.3/155.7 W/RIPON DO,2020
GAINS(NBA/NCA),WRETN=P1E/NBA+N"

B.2.3.2 Minimum Flow Requirement Criteria

The assumptions presented in Table B-2 would apply to 2020 conditions with the following
exceptions:

¯ Footnote 7 in Table B-2 would be revised as follows: the minimum required flow for the
navigation control point depends upon 40-30-30 year type index for the Sacramento Valley.
5,000 cfs is maintained during wet years, and 4,000 cfs in all other years.

¯ The minimum flow for Nimbus Release specified in Footnote 9 of Table B-2 would have the
following additional assumption: the monthly minimum flow requirements are input in the
2020 level hydrology with the same format as the 1995 level. The water supply minimum
flow requirement relationship has been modified to achieve an acceptable operation at the
2020 level.

B.2.3.3 Reservoirs

The following assumptions differed from the 1995 hydrologic analysis:

¯ Folsom Reservoir flood control reservation was set at a fixed 400,000 at-ft.
¯ Reservoir inflows were estimated at 2020 HYD-C-9A projected level of development for

upstream depletion and upstream reservoir operations.

B.3 RECLAMATION TEMPERATURE MODEL

B.3.1 , Description

The Reclamation temperature models for the Sacramento River Basin simulate reservoir and
river temperatures on a monthly time-step for the CVP and SWP systems. The Sacramento River
Basin model has both reservoir model and river model components to simulate temperaturesin
five major reservoirs (Clair Engle, Whiskeytown, Shasta, Oroville, and Folsom); four
downstream regulating reservoirs (Lewiston, Keswick, Thermalito, and Natoma); and three main
river systems (Sacramento, Feather, and American).
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The Reclamation temperature models are designed to evaluate water temperatures resulting from
a PROSIM model run. The purpose of these models is to assess changes in average monthly
temperature caused by changes in CVP/SWP operation. The following describes the reservoir
and fiver models that make up the Sacramento River Basin model.

B.3.1.1 Reservoir Model Description

The reservoir model simulates monthly temperature profiles in five major reservoirs: Clair Engle,
Whlskeytown, Shasta, Oroville, and Folsom. The vertical water temperature profile in a
reservoir is simulated in one-dimension using monthly storage, inflow and outflow temperature
and flow rate, evaporation, precipitation, solar radiation, and average air temperature. The model
also computes the temperature of water released from the dams. Release temperature control
measures in reservoirs, such as the temperature curtain in Whiskeytown Reservoir and the
temperature control device in Shasta Reservoir, are incorporated in the model’s reservoir outlet
configurations.

B.3.1.2    River Model Description

Water temperature and release of regulating reservoirs serve as the boundary conditions for the
fiver model. The fiver model computes water temperatures at 52 locations on the Sacramento
River from Keswick Dam to Freeport, in addition to locations on the Feather and American
rivers. The fiver temperature model also calculates water temperature within Lewiston, Keswick,
Thermalito, and Natoma reservoirs. This model is appropriate for simulating temperatures in
these reservoirs because they are relatively small bodies of water with short residence times,
thereby having physical characteristics more similar to a fiver than a reservoir.

B.4 GCID WATER SUPPLY SOURCE DETERMINATION

B.4.1 Description

A GCID water supply operations model was developed to determine GCID diversions from each
of its supply sources: Stony Creek, HCPP, recaptured water, TCC, and groundwater. GCID
water supplies include 720,000 ac-ft of water fights base supply and 105,000 ac-ft of water fights
treated as CVP water, all of which may be diverted from the Sacramento River at the HCPP, TCC,
or Stony Creek. GCID obtains additional water from within the District through recapture of
agricultural runoff and groundwater pumping. Sections 1.5 (History of HCPP Diversions and Fish
Screens) and 3.1 (Hydrology and Water Resources) of the EIR/EIS provide further information on
diversions.

B.4.2 Disaggregation

The average monthly GCID demands, Sacramento River flows, available recapture, and CVP
water were disaggregated into average weekly values for the 70-year hydrologic period of record.
The disaggregation was performed to account for the peaking characteristics of the Sacramento

~
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River flow and GCID demands that occur within the month...~r~1.1 .....

mc, z÷~’z ~,verege vo!’.’.:’..e. Average monthly flows overestimated the ability to utilize peak stream
flow to satisfy_ demands, and average monthly demands masked the inability to satisfy peak
demands. Therefore, a continuous function was developed that preserved monthly flow volumes
in the PROSIM database. This continuous function was then summed to divide each month into
four equal segments while still maintaining the monthly flow volumes in the PROSIM database.
A graphical representation of the daily, and quarter-monthly flows areaveragemonthly,
presented in Figure B-3.

B.4.3 Priority of Use

The model determined the average weekly diversion from each of these supply sources according to
a priority of use, based upon the cost per ac-ft of water. For the no-project alternative, demand was
first satisfied with diversion of Stony Creek water currently diverted by the Tehama-Colusa
Canal Authority (TCCA). GCID has prior rights under the Angle Decree to natural streamflow
in Stony Creek. GCID has indicated that it would increase the use of this water from Stony
Creek rather than at HCPP under a no-project scenario. Because of GCID’s ability to take
additional water from Stony Creek, there would be potential impacts on other Stony Creek water
users, including the TCCA.

Remaining GCID demands were then satisfied by diversion of base supply at the HCPP. Any
demand not satisfied by these supply sources was then satisfied by base supply or CVP water
diverted at TCC without any wheeling charge, then recapture. Demand still not satisfied was
then met with base supply or CVP water diverted at TCC with a wheeling charge. Any
remaining demand was met through groundwater pumping (Figure B-_4-3).

B.4.4 Diversion DeterminationQuantity

The quantity of water by source used by GCID was calculated according to the cost-based
priority identified in the previous section. The following sections describe the basis for
determining the quantity of water diverted from each source and constraints on the diversions.

Stony Creek

GCID diversion from Stony Creek was derived from results of a simulation performed by DWR
Northern District. The DWR simulation model results are in the report Stony Creek Basin R2
Operation Study, Revision No. 1, DWR Northern District, 4/82. Stony Creek flows to the
Sacramento River and maximum potential GCID diversions were processed in a spreadsheet
developed to simulate lower Stony Creek and GCID diversions from Stony Creek.
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FIGURE B-4. PRIORITY OF GLENN-COLUSA IRRIGATION
DISTRICT WATER SUPPLY SOURCES

Stony Creek

Hamilton City
Pumping Plant

Tehama-Colusa Canal (TCC)*
No Wheeling Charge

Recaptured Water

With Wheeling Charge

Groundwater

* For output purposes, TCC diversions were combined
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Hamilton City Pumping Plant

The maximum HCPP diversion capacity for 1995 hydrologic conditions was derived from a
flow-stage relationship for the oxbow (Figure B4~. The average monthly Sacramento River
flow predicted by PROSIM was disaggregated into monthly flow at the HCPP. The flows were
derived through disaggregation of PROSIM output, accounting for inflows, diversions, and
depletions. The monthly flows were further disaggregated into average weekly flow at the
HCPP, based upon the previous, current, and following month’s flow. Average weekly flow was
then converted to stage at the North Island Gage, based upon the 1995 river elevation. Effective
screen area at the HCPP was .then calculated from the stage at North Island Gage. Maximum
diyersion capacity was obtained from a screen area-diversion capacity relationship, based upon
the approach velocity criteria for the particular month and project or no-project alternative.

Maximum Hamilton City Pumpin_q Plant Diversion
Capacity Derived from Sacramento River Flow

Aoz)roach Valocitv Criteda
¯ with project

n̄o-project
c̄urrent conditions

Diversion
Capacity
at HCPP

Capacitv Relationship

Figure B-4_~. Schematic illustrating the procedure for calculating the Hamilton City Pumping
Plant Diversion Capacity

For project conditions, the HCPP diversion capacity was based upon predicted allowable
pumping rates. The predicted pumping rates were developed assuming an elevation similar to
the 1995 river levels (CH2M Hill 1996). The rates and corresponding river flows are
summarized in Table B-4. Under this scenario, GCID would not be able to pump at full capacity
(3,000 cfs) at Sacramento River flows less than 10,000 cfs without the gradient facility. With a
gradient facility, pumping rates could reach 3,000 cfs at river flows of 7,000 cfs. Different
assumptions regarding river water elevation and/or fish screen area could increase or decrease
predicted allowable pumping rates. For example, an assumption of 100 additional feet of screen
length with 10 feet of water depth would yield about 330 cfs more water (under a 0.33 feet per
second (ft/s) approach velocity assumption).

B-16 Appendix B
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Table B-4. Predicted Allowable HCPP Pumping Rat~
Predicted Allowable Pumping Rate

Screen Extension with
Sacramento River Flow Screen Extension,, Gradient Facilit~

7,000 2,250 3,000
8,000 2,600 3,000
9,000 2,750 3,000

10,000 3,000 3,000

Recapture

R~capmre quantities were based upon historical (1986-1995) recapture rates published in the
GCID Report on Water Measurement Program for 1995. The data published in this report
represents on current potential recapture capabilitythe bestavailableinformation GCID’s and

under various water supply conditions. The reported recapture rates for each month (April -
October) were averaged. The average served as the minimum recapture rate in the GCID water
supply operations model, unless remaining demand was lower. Minimum monthly recapture
values were used in evaluation of each project alternative. In the no-project alternative, recapture
was allowed to reach historic maximum monthly values.

Tehama-Colusa Cana!

GCID wheels CVP water for three National Wildlife Refuges. In exchange for wheeling refuge
water through its facilities, GCID can have water wheeled through the TCC for no charge, up to the
amount wheeled for the three refuges. Diversion through the TCC was limited to May 15 through
September 15, the period when the Red Bluff Diversion Dam (RBDD) gates are in place to allow
diversion of Sacramento River water. Diversion of GCID CVP water at the TCC was limited to
July and August, per the contract with Reclamation. GCID’s diversion through the TCC was also
limited by available capacity in the canal and its interties with the TCC (see Section 3.1,
Hydrology and Water Resources for a description of the intertie facilities). For purposes of this
analysis, the available TCC capacity was based on physical capacity and simulated diversions for
TCC users from PROSIM.

Groundwater

Groundwater pumping as a GCID water supply source under existing conditions is lirnited by the
well pumping capacity, which ranges from 5 to 7 cfs for approximately 200 wells. This pumping
capacity also applied under the project alternatives. GCID indicated that, should the no-project
alternative proceed, approximately 50 additional wells would be constructed and additional
groundwater supplies would be secured to help make up for water supply deficiencies. The
capacity of the new wells would range from 7 to 10 cfs, for a total capacity of approximately 1,500
cfs. For the no-project alternative under both the 1995 and 2020 hydrology, groundwater
capacity was assumed to be 1,500 cfs.
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B.5 SACRAMENTO RIVER FLOW BELOW RED BLUFF DIVERSION DAM DATA

B.5.1 Description and Index

This section contains tables of Sacramento River flows downstream of RBDD under the 1995
and 2020 hydrologic conditions for the project and no-project alternatives. Each table contains
the flows under existing, project, and no-project conditions. Statistical results are presented at
the bottom of each table.

The project alternatives are identified in the tables and graphs as follows:

¯ Screen Extension Alternative = Project - Screen Only
¯ Screen Extension with Gradient Facility Alternative (with or without Internal Fish

Bypass) = Project with GF

The following tables are contained in this section in the order listed:

Sacramento River Flow Below Red Bluff Diversion Dam - 1995 Hydrology
¯ January
¯ February
¯ March
¯ April
¯ May
¯ June
. July
¯ August
¯ September
¯ October
¯ November
¯ December

Sacramento River Flow Below Red Bluff Diversion Dam - 2020 Hydrology
¯ January
¯ February
¯ March
¯ Apdl
¯ May
¯ June
¯ July
.August
¯ September
¯ October
¯ November
¯ December
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Sacramento River Flow Below Red Bluff Diversion Dam
1995 H drology
Existing Project - Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year Icfs) (cfs) I%) (cfs) (cfs) (~%) (cfs) (cfs) !%) (cfs)
1922 5176.6 5176.6 0.0 0.0 5176.6 0,0 0.0 5176.6 0.0 0.0
1923 7506.3 7506.3 0.0 0.0 7506.3 0.0 0.0 7506.3 0.0 0.0
1924 4524.4 4524.4 0.0 0.0 4524.4 0.0 0.0 4524.4 0.0 0.0
1925 5341.2 5341.2 0.0 0.0 5341.2 0.0 0.0 5341.2 0.0 0.0
1926 64,12.3 6412.3 0.0 0.0 6412.3 0.0 0.0 6412.3 0.0 0.0
1927 15984.0 15984.0 0.0 0.0 15984.0 0.0 0.0 15984.0 0.0 0.0
1928 7906.9 7906.9 0.0 0.0 7906.9 0.0 0.0 7906.9 0.0 0.0
1929 5070.4 5070.4 0.0 0.0 5070.4 0.0 0.0 5070.4 0.0 0.0
1930 7299.1 7299.1 0.0 0.0 7299.1 0.0 0.0 7299.1 0.0 0.0
1931 6572.3 6572.3 0.0 0.0 6572.3 0.0 0.0 6572.3 0.0 0.0
1932 6514.2 6514.2 0.0 0.0 6514.2 0.0 0.0 6514.2 0.0 0.0
1933 6230.6 6230.6 0.0 0.0 6230.6 0.0 0.0 6230.6 0.0 0.0
1934 7222.6 7222.6 0.0 0.0 7222.6 0.0 0.0 7222.6 0.0 0.0
1935 11254.2 11254.2 0.0 0.0 11254.2 0.0 0.0 11254.2 0.0 0.0
1936 14228.2 14228.2 0.0 0.0 14228.2 0.0 0.0 14228.2 0.0 0.0
1937 5162.6 5162.6 0.0 0.0 5162.6 0.0 0.0 5162.6 0.0 0.0
1938 14210.0 14210.0 0.0 0.0 14210.0 0.0 0.0 14210.0 0.0 0.0
1939 4816.8 4816.8 0.0 0.0 4816.8 0.0 0.0 4816.8 0.0 0.0
1940 14604.6 14604.6 0.0 0.0 14604.6 0.0 0.0 14604.6 0.0 0.0
1941 40993.2 40993.2 0.0 0.0 40993.2 0.0 0.0 40993.2 0.0 0.0
1942 29085.0 29085.0 0.0 0.0 29085.0 0.0 0.0 29085.0 0.0 0.0
1943 23277.9 23277.9 0.0 0.0 23277.9 0.0 0.0 23277.9 0.0 0.0
1944 5585.2 5585.2 0.0 0.0 5585.2 0.0 0.0 5585.2 0.0 0.0
1945 4740.2 4740.2 0.0 0.0 4740.2 0.0 0.0 4740.2 0.0 0.0
1946 18477.9 18477.9 0.0 0.0 18477.9 0.0 0.0 18477.9 0.0 0.0
1947 5266.2 5266.2 0.0 0.0 5266.2 0.0 0.0 5266.2 0.0 0.0
1948 10062.9 10062.9 0.0 0.0 10062.9 0.0 0.0 10062.9 0.0 0.0
1949 4909.4 4909.4 0.0 0.0 4909.4 0.0 0.0 4909.4 0.0 0.0
1950 7783.0 7783.0 0.0 0.0 7783.0 0.0 0.0 7783.0 0.0 0=0
1951 19516,8 19516.8 0.0 0.0 19516.8 0.0 0.0 19516.8 0.0 0.0
1952 22204.9 22204.9 0.0 0.0 22204.9 0.0 0.0 22204.9 0.0 0.0
1953 42414.7 42414.7 0.0 0.0 42414.7 0.0 0.0 42414.7 0.0 0.0
1954 19369.7 19369.7 0.0 0.0 19369,7 0.0 0.0 19369.7 0.0 0.0
1955 6690.5 6690.5 0.0 0.0 6690.5 0.0 0.0 6690.5 0.0 0.0
1956 52570.1 52570.1 0.0 0.0 52570.1 0,0 0.0 52570.1 0.0 0.0
1957 6088.3 6088.3 0.0 0.0 6088.3 0.0 0.0 6088.3 0.0 0.0
1958 20232.8 20232.8 0.0 0.0 20232.8 0.0 0.0 20232.8 0.0 0.0
1959 16711.6 16711.6 0.0 0.0 16711.6 0.0 0.0 16711.6 0.0 0.0
1960 6004.2 6004.2 0.0 0.0 6004.2 0.0 0.0 6004.2 0.0 0.0
1961 5730,5 5730.5 0,0 0.0 5730.5 0.0 0.0 5730.5 0.0 0.0
1962 5599.7 5599.7 0.0 0.0 5599.7 0.0 0.0 5599.7 0.0 0.0
1963 5844.6 5844.6 0.0 0.0 5844.6 0.0 0.0 5844.6 0.0 0.0
1964 10395.3 10395.3 0.0 0.0 10395.3 0.0 0.0 10395.3 0.0 0.0
1965 32765.2 32765.2 0.0 0.0 32765,2 0,0 0.0 32765,2 0.0 0,0
1966 14594.5 14594.5 0.0 0.0 14594.5 0.0 0.0 14594.5 0.0 0.0
1967 21672.2 21672,2 0.0 0.0 21672.2 0.0 0.0 21672.2 0.0 0.0
1968 9049.1 9049.1 0.0 0.0 9049.1 0.0 0.0 9049.1 0.0 0.0
1969 38876,0 38876,0 0,0 0,0 38876.0 0.0 0.0 38876.0 0.0 0.0
1970 78708.7 78708.7 0,0 0.0 78708.7 0.0 0.0 78708.7 0.0 0.0
1971 24428.8 24428.8 0.0 0.0 24428.8 0.0 0.0 24428.8 0.0 0.0
1972 8532.7 8532.7 0.0 0.0 8532.7 0.0 0.0 8532.7 0.0 0.0
1973 23992.2 23992,2 0,0 0,0 23992.2 0.0 0.0 23992.2 0.0 0.0
1974 58415.; 58415.2 0.0 0.0 58415.2 0.0 0.0 58415.2 0.0 0.0
1975 5734.3 5734.3 0.0 0.0 5734,3 0.0 0,0 5734.3 0.0 0.0
1976 5971.3 5971.3 0.0 0.0 5971.3 0.0 0.0 5971.3 0.0 0.0
1977 7211.7 7211.7 0.0 0.0 7211.7 0.0 0.0 7211.7 0.0 0.0
1978 21939.4 21939.4 0.0 0.0 21939.4 0.0 0.0 21939.4 0.0 0.0
1979 7087,6 7087,6 0.0 0.0 7087.6 0.0 0.0 7087.6 0.0 0.0
1980 24364.8 24364.8 0.0 0.0 24364.8 0.0 0.0 24364.8 0.0 0.0
1981 10813.2 10813.2 0.0 0.0 10813.2 0.0 0.0 10813.2 0.0 0.0
1982 19610.1 19610.1 0.0 0,0 19610.1 0.0 0.0 19610.1 0.0 0.0
1983 32056.7 32056,7 0.0 0.0 32056.7 0.0 0.0 32056.7 0.0
1984 16486.6 16486.6 0.0 0.0 16486.6 0.0 0.0 16486.6 0.0 0,0
1985 4858.9 4858.9 0.0 0.0 4858.9 0.0 0.0 4858.9 0.0 0,0
1986 10180.0 10180.0 0.0 0.0 10180.0 0.0 0.0 10180.0 0,0 0,0
1987 6715.3 6715.3 0.0 0.0 6715.3 0.0 0.0 6715.3 0.0 0.0
1988 10115.( 10115.0 0.0 0.0 10115.0 0.0 0.0 10115.0 0.0 0.0
1989 5867.11 5867.1 0.0 0.0 5867.1 0.0 0.0 5867.1 0.0 0.0
1990 7144.7: 7144.7 0.0 0.0 7144.7 0.0 0.0 7144.7 0.0 0.0
1991 5539.3, 5539.3 0.0 0.0 5539.3 0.0 0.0 5539.3 0.0 0.0

Mean 15118.9 15118.9 0.0 0,0 15118.9 0.0 0.0 15118.9 0,0 0.0
Median 8790.9 8790.9 0.0 0.0 8790.9 0.0 0.0 8790.9 0,0 0.0

78708.7 78708.7 0.0 0.0 78708.7 0.0 0.0 78708.7 0,0 0.0
4524.4 4524.4 0.0 0.0 4524.4 0.0 0.0 4524,4 0.0 0.0

Alt- Base > 0 0 0 0
AIt- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0
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February Sacramento River Flow Below Red Bluff Diversion Dam
1995 H drolo~ly
Ex|stin~l Pro|ect - Screen Only/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year Icfs) (cfs) (%) (cfs) (cfs) (%) Icfs) Icfs) (%) (cfs!1922 10574.6 10574.6 0.0 0.0 10574.6 0.0 0.0 10574.6 0.0 0.0
1923 8843.0 8843.0 0.0 0.0 8843.0 0.0 0.0 8843,0 0.0 0.0
1924 6227.1 6227,1 0.0 0.0 6227.1 0.0 0.0 6227.1 0.0 0.0
1925 21900,3 21900.3 0.0 0.0 21900.3 0.0 0.0 21900.3 0.0 0.0
1926 17574.6 17574.6 0.0 0.0 17574.6 0.0 0,0 17574.6 0.0 0.0
1927 45003.3 45003.3 0.0 0.0 45003.3 0.0 0.0 45003.3 0.0 0.0
1928 12260.9 12260.9 0.0 0.0 12260.9 0.0 0.0 12260.9 0.0 0.0
1929 7903.0 7903.0 0.0 0.0 7903.0 0.0 0.0 7903.0 0.0 0.0
1930 8416.5 8416.5 0.0 0.0 8416.5 0.0 0.0 8416.5 0.0 0.0
1931 5209.2 5209,2 0.0 0.0 5209.2 0,0 0.0 5209,2 0.0 0.0
1932 5089,3 5089.3 0.0 0.0 5089.3 0.0 0.0 5089,3 0.0 0.0
1933 5065.3 5065.3 0.0 0.0 5065.3 0.0 0.0 5065.3 0.0 0.0
1934 7277.9 7277.9 0.0 0.0 7277.9 0.0 0.0 7277,9 0.0 0.0
1935 7072.6 7072.6 0.0 0.9 7072.6 0.0 0.0 7072.6 0.0 0.0
1936 13614.1 ,13614.1 0.0 0.0 13614,1 0.0 0.0 13614.1 0.0 0.0
1937 10489.0 10489.0 0.0 0.0 10489.0 0.0 0.0 10489.0 0.0 0.0
1938 44674.1 44674.1 0.0 0.0 44674.1 0.0 0.0 44674,1 0.0 0.0
1939 4914.8 4914.8 0.0 0.0 4914.8 0.0 0.0 4914.8 0.0 0.0
1940 43789.6 43789.6 0.0 0.0 43789,6 0.0 0.0 43789.6 0.0 0.0
1941 40526.6 40526.6 0.0 0.0 40526.6 0.0 0.0 40526.6 0.0 0.0
1942 45476.0 45476.0 0.0 0.0 45476.0 0.0 0.0 45476.0 0.0 0.0
1943 12976.9 12976.9 0.0 0.0 12976.9 0.0 0.0 12976.9 0.0 0,0
1944 6826.1 6826.1 0.0 0.9 6826.1 0.0 0.0 6826.1 0.0 0.0
1945 17702.6 17702.6 0.0 0.0 17702.6 0.0 0.0 17702.6 0.0 0.0
1946 6856.1 6856.1 0.0 0.0 6856.1 0.0 0.0 6856.1 0.0 0.0
1947 7176.4 7176.4 0.0 0.0 7176.4 0.0 0.0 7176.4 0.0 0,0
1948 6741.8 6741.8 0.0 0.0 6741.8 0.0 0.0 6741.8 0.0 0.0
1949 5786.7 5786.7 0.0 0.0 5786.7 0.0 0.0 5786.7 0.0 0.0
1950 9787.9 9787.9 0.0 0.0 9787.9 0.0 0.0 9787.9 0.0 0.0
1951 21328.6 21328.6 0.0 0.0 21328.6 0.0 0.0 21328.6 0.0 0.0
1952 26595.5 26595.5 0,0 0.0 26595.5 0.0 0,0 26595.5 0.0 0.0
1953 6155.1 6155.1 0.0 0.0 6155.1 0.0 0.0 6155.1 0.0 0.0
1954 26952.3 26952.3 0.0 0.0 26952.3 0.0 0.0 26952.3 0.0 0.0
1955 5824.2 5824.2 0.0 0.0 5824.2 0.0 0.0 5824,2 0.0 0.0
1956 33314.4 33314.4 0.0 0.0 33314.4 0.0 0.0 33314.4 0.0 0.0
1957 13272.4 13272.4 0.0 0.0 13272.4 0.0 0.0 13272.4 0.0 0,0
1958 86288.2 86288.2 0.0 0,0 86288.2 0.0 0.0 86288.2 0.0 0,0
1959 18600.5 18600.5 0.0 0.0 18600.5 0.0 0.0 18600.5 0.0 0,0
1960 12387.4 12387.4 0.0 0.0 12387.4 0.0 0.0 12387.4 0.0 0.0
1961 17253.9 17253.9 0.0 0.0 17253.9 0.0 0.0 17253.9 0.0 0,0
1962 27246.3 27246.3 0.0 0.0 ~ 27246.3 0.0 0.0 27246.3 0.0 0,0
1963 17690.4 17690.4 0.0 0.0 17690.4 0.0 0.0 17690.4 0.0 0,0
1964 4856.0 4856.0 0.0 0.0 4856.0 0.0 0.0 4856.0 0.0 0.0
1965 7323.1 7323.1 0.0 0.0 7323.1 0.0 0.0 7323.1 0.0 0,0
1966 10556.2 10556.2 0,0 0.0 10556.2 0.0 0.0 10556.2 0.0 0.0
1967 13632.0 13632,0 0.0 0.0 13632.0 0.0 0.0 13632.0 0.0 0.0
1968 26168.6 26168.6 0.0 0.0 26168.6 0.0 0.0 26168.6 0.0 0.0
1969 38774.0 38774.0 0.0 0.0 38774.0 0.0 0.0 38774.0 0.0 0.0
1970 22474.0 22474.0 0.0 0.0 22474.0 0.0 0,0 22474.0 0,0 0.0
1971 9241.6 9241.6 0.0 0,0 9241.6 0.0 0,0 9241.6 0.0 0.0
1972 7183.6 7183.6 0.0 0,0 7183.6 0,0 0,0 7183.6 0.0 0.0
1973 30839.8 30839.8 0.0 0.0 30839.8 0.0 0,0 30839.8 0.0 0.0
1974 12012.0 12012.0 0.0 0.0 12012.0 0.0 0.0 12012.0 0.0 0.0
1975 18930.4 18930.4 0.0 0,0 18930.4 0.0 0.0 18930.4 0.0 0.0
1976 7016.0 7016.0 0.0 0,0 7016.0 0.0 0,0 7016.0 0,0 0.0
1977 8518.5 8518.5 0.0 0,0 8518.5 0.0 0.0 8518.5 0.0 0.0
1978 23458.7 23458.7 0.0 0.0 23458.7 0.0 0.0 23458.7 0.0 0.0
1979 10427.0 10427.0 0.0 0,0 10427.0 0.0 0.0 10427.0 0.0 0.0
1980 46337,2 46337.2 0.0 0.0 46337.2 0.0 0.0 46337.2 0.0 0.0
1981 9984,4 9984,4 0.0 0.0 9984.4 0.0 0.0 9984.4 0.0 0.0
1982 29740,3 29740.3 0.0 0.0 29740.3 0.0 0.0 29740.3 0.0 0.0
1983 58228,7 58228.7 0.0 0.0 58228.7 0.0 0.0 56228.7 0.0 0.0
1984 8919,5 8919.5 0.0 0.0 8919.5 0.0 0.0 8919.5 0.0 0.0
1985 5717.1 5717.1 0.0 0.0 5717.1 0.0 0.0 5717.1 0.0 0.0
1986 69908.5 69908.5 0.0 0.0 69908.5 0.0 0.0 69908.5 0.0 0.0
1987 7745.5 7745.5 0.0 0.0 7745.5 0.0 0.0 7745.5 0.0 0.0
1988 6694.7 6694.7 0.0 0.0 6694.7 0.0 0.0 6694.7 0.0 0.0
1989 4725.9 4725.9 0.0 0.0 4725.9 0.0 0.0 4725.9 0.0 0.0
1990 5004.0 5004.0 0.0 0.0 5004.0 0.0 0.0 5004.0 0.0 0.0
1991 7445.9 7445.9 0.0 0.0 7445.9 0.0 0.0 7445.9 0.0 0.0

Mean 18150.4 18150.4 0.0 0.0 18150.4 0.0 0.0 18150,4 0.0 0.0
Median 10565.4 10565.4 0.0 0.0 10565.4 0.0 0.0 10565.4 0.0 0.0

86288.2 86288.2 0.0 0.0 86288.2 0.0 0,0 86288.2 0.0 0.0
4725.9 4725.9 0.0 0.0 4725.9 0.0 0.0~ 4725.9 0.0 0.0

AIt-Base> 0 0 O! 0
hlt- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0
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Sacramento River Flow Below Red Bluff Diversion Dam

Existin~l Project - Screen Only    , Project with GF No Pro~ect / No Action
Relative Absolute          Relative Absolute          Relative Absolute

Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc
Year (cfs) (cfs) (%) (cfs) (cfs) (%) Icfs) (cfs) (%) (cfs)1922 7371.9 7371.9 0.0 0.0 7371.9 0.0 0.0 7371.9 0.01923 4053.5 4053.5 0.0 0.0 4053.5 0.0 0.0 4053.5 0.0 0.11924 4280.9 4280.9 0.0 0.0 4280.9 0.0 0.0 4280.9 0.0 0.(1925 7108.2 7108.2 0.0 0.0 7108,2 0.0 0.0 7108.2 0.0 0.(
1926 5012,2 5012.2 0.0 0.0 5012.2 0.0 0.0 5012.2 0.0 0,(1927 11695.5 11695.5 0.0 0.0 11695.5 0.0 0.0 11695.5 0.0 0.(1928 23891.5 23891.5 0.0 0.0 23891,5 0.0 0.0 23891.5 0.0 0.(1929 4477.2 4477.2 0.0 0.0 4477.2 0.0 0.0 4477.2 0.0 0.(
1930 9639.5 9639.5 0.0 0.0 9639.5 0.0 0 0 9639.5 0.0 0.(1931 5265.2 5265.2 0.0 0.0 5265.2 0.0 0.0 5265.2 0.0 0.(
1932 4938.2 4938.2 0.0 0.0 4938.2 0.0 0.0 4938.2 0.0 0.�1933 7404,0 ,7404.0 0.0 0.0 7404.0 0.0 0.0 7404.0 0.01934 5371.1 5371.1 0.0 0.0 5371.1 0.0 0.0 5371.1 0.0
1935 8476.9 8476,9 0.0 0.0 8476.9 0.0 0.0 8476.9 0.0       0.(:
1936 6180.2 6180.2 0.0 0.0 6180.2 0.0 0.0 6180.2 0.0 0.¢1937 12110.7 12110.7 0.0 0.0 12110.7 0.0 0.0 12110.7 0.0
1938 55207.4 55207.4 0.0 0.0 55207.4 0.0 0.0 55207.4 0.0
1939 5106.1 5106.1 0.0 0.0 5106.1 0.0 0.0 5106.1 0.0
1940 33092.8 33092.8 0.0 0.0 33092.8 0.0 0.0 33092.8 0.0 0.(~
1941 26892.7 26892.7 0.0 0.0 26892.7 0.0 0.0 26892.7 0.0 0.(~
1942 6098.1 6098.1 0.0 0.0 6098.1 0.0 0.0 6098.1 0.0 0.(]
1943 18678.0 18678.0 0.0 0.0 18678.0 0.0 0.0 18678.0 0.0 0.0
1944 5806.~ 5806.1 0.0 0.0 5806.1 0,0 0.0 5806.1 0.0 0.0
1945 7483.5 7483.5 0.0 0.0 7483.5 0.0 0.0 7483.5 0.0 0,01946 5452.8 5452.8 0.0 0.0 5452.8 0.0 0.0 5452.8 0.0 0.0
1947 7290.1 7290,1 0,0 0.0 7290.1 0.0 0.0 7290.1 0.0 0.01948 7731.8 7731,8 0.0 0.0 7731.8 0.0 0.0 7731.8 0.0 0.0
1949 20004.2 20004,2 0.0 0.0 20004,2 0,0 0.0 20004.2 0.0 0.0
1950 6989.9 6989,9 0.0 0.0 6989.9 0.0 0,0 6989.9 0.0 0.0
1951 7967.0 7967.0 0.0 0.0 7967.0 0.0 0.0 7967.0 0.0 0,0
1952 20911.7 20911,7 0.0 0.0 20911.7 0.0 0.01 20911.7 0.0 0.0
1953 7419.2 7419.2 0.0 0.0 7419.2 0.0 0.0 7419.2 0.0 0.01954 18399.0 18399,0 0.0 0.0 18399.0 0.0 0.0 18399.0 0.0 0.01955 4443.0 4443,0 0.0 0.0 4443.0 0.0 0.0 4443.0 0.0 0.01956 8760.9 8760,9 0.0 0.0 8760.9 0.0 0.0 8760.9 0.0 0.0
1957 17347.0 17347,0 0.0 0.0 17347.0 0.0 0.0 17347.0 0.0 0.0
1958 33017.0 33017,0 0o0 0.0 33017.0 0.0 0.0 33017.0 0o0 0.0
1959 7127.5 7127,5 0.0 0.0 7127.5 0.0 0.0 7127.5 0,0 0.0
1960 9887.1 9887,1 0.0 0.0 9887.1 0.0 0.0 9887.1 0.0 0,0
1961 10369.1 10369,1 0.0 0.0 10369.1 0.0 0.0 10369.1 0.0 0,01962 12207,0 12207.0 0.0 0.0 12207,0 0.0 0.0 12207,0 0.0 0.0
1963 9113.5 9113,5 0.0 0.0 9113.5 0.0 0.0 9113.5 0.0 0.0
1964 4454.0 4454.0 0.0 0.0 4454.0 0.0 0.0 4454.0 0.0 0.0
1965 5351.0 5351.0 0.0 0.0 5351.0 0.0 0.0 5381.0 0,0 0.0
1966 13495.6 13495.6 0.0 0.0 13495.6 0.0 0,0 13495.6 0.0 0.0
1967 19217.5 19217.5 0.0 0.0 19217.5 0.0 0.0 19217.5 0.0 0.0
1968 8911.0 8911.0 0.0 0.0 8911.0 0.0 0.0 8911.0 0.0 0.0
1969 14470.0 14470.0 0.0 0,0 14470.0 0.0 0.0 14470.0 0.0 0.0
1970 8906.3 6906.3 0.0 0.0 8906.3 0.0 0.0 8906.3 0.0 0.0
1971 24493.8 24493.8 0.0 0.0 24493.8 0.0 0.0 24493.8 0.0 0.0
1972 13760.9 13760.9 0.0 0o0 13760.9 0.0 0.0 13760.9 0.0 0.0
1973 16162.6 16162.6 0.0 0.0 16162.6 0.0 0.0 16162.6 0.0 0.0
1974 49187.6 49187°6 0.0 0.0 49187.6 0.0 0.0 49187.6 0.0 0.0
1975 39000.6 39000.6 0.0 0.0 39000.6 0.0 0.0 39000.6 0.0 0.0
1976 5746.5 5746,5 0,0 0.0 5746.5 0,0 0.0 5746.5 0.0 0.0
1977 8000.0 8000.0 0.0 0.0 8000.0 0.0 0,0 8000,0 0.0 0.0
1978 29715.2 29715,2 0.0 0.0 29715.2 0.0 0.0 29715.2 0.0 0.0
1979 7698.9 7698.9 0.0 0.0 7698.9 0.0 0.0 7698,9 0,0 0.0
1980 10776,4 10776.4 0,0 0.0 10776.4 0,0 0.0 10776.4 0.0 0.0
1981 13754.3 13754,3 0.0 0,0 13754.3 0.0 0.0 13754.3 0.0 0.01982 22019.8 22019.8 0.0 0.0 22019.8 0.0 0.0 22019.8 0.0 0.0
1983 76997,1 76997.1 0.0 0.0 76997.1 0.0 0.0 76997.1 0.0 0.0
1984 11082.6 11082,6 0.0 0.0 11082.6 0.0 0.0 11082.6 0,0 0.0
1985 5504.5 5504.5 0,0 0.0 5504.5 0.0 0.0 5504.5 0.0 0.0
1986 35059.4 35059.4 0.0 0.0 35059.4 0.0 0.0 35059.4 0.0 0.0
1987 10204.0 10204.0 0.0 0.0 10204.0 0.0 0.0 10204.0 0.0 0.0
1988 7149.1 7149.1 0.0 0.0 7149.1 0.0 0.0 7149.1 0.0 0.0
1989 13907.8 13907.8 0.0 0.0 13907.8 0.0 0.0 13907.8 0.0 0.0
1990 5588.5 5588.5 0.0 0.0 5588.5 0.0 0.0 5588.5 0.0 0.0
1991 9034.3 9034.3 0.0 0.0 9034.3 0.0 0.0 9034.3 0.0 0.0

Mean 14139.0 14139.0 0.0 0.0 14139.0 0.0 0.0 14139.0 0.0 0.0
Median 8972.6 8972,6 0.0 0o0 8972.6 0.0 0.0 8972.6 0.0 0.0

76997.1 76997.1 0.0 0.0 76997.1 0.0 0.0 76997.1 0.0 0.0
4053.5 4053.5 0.0 0.0 4053.5 0.0 0.0 4053.5 0.0 0.0

AIt-Base> 0 0 0 0
Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0
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Sacramento River Flow Below Red Bluff Diversion Dam
1995 H drolo~ly
Existin~ Project - Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absoluk           Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc~
Year (cfs) (cfs) (%) (cfs) (cfs) (%) Icfs) (cfs) !%~) (cfs!1922 11644,6 11644.6 0.0 0.0 11644.6 0,0 0.0 11644.6 0.0 0.(~
1923 7047.6 7047.6 0.0 0.0 7047.6 0.0 0.0 7047.6 0.0
1924 5569.7 5569.7 0.0 0.0 5569.7 0.0 0.0 5569.7 0,0       0.(~
1925 8169,1 8169.1 0.0 0.0 8169,1 0.0 0.0 8169.1 0.0 0.(~
1926 6886.5: 6886.5 0.0 0.0 6886.5 0.0 0.0 6886.5 0.0
1927 18144.6= 18144.6 0.0 0.0 18144.6 0.0 0.0 18144.6 0.0 0.0
1928 10869.0 10869.0 0.0 0.0 10869.0 0.0 0.0 10869.0 0.0 0.0
1929 7050.4 7050.4 0.0 0.0 7050.4 0.0 0.0 7050.4 0.0 0.0
1930 4855.2 4855.2 0.0 0.0 4855.2 0.0 0.0 4855.2 0.0 0.0
1931 8228.8 8228,8 0.0 0.0 8228.8 0,0 0,0 8228.8 0.0 0.0
1932 6881.4 6881.4 0.0 0.0 6881.4 0.0 0.0 6881.4 0.0 0.0
1933 7116.2 7116.2 0.0 0.0 7116.2 0.0 0.0 7116.2 0.0 0.0
1934 6737.0 6737,0 0.0 0.0 6737.0 0.0 0.0 6737.0 0.0 0.0
1935 12759.5 12759.5 0.0 0.0 12759.5 0.0 0.0 12759.5 0.0 0.0
1936 5337.6 5337.6 0.0 0.0 5337.6 0.0 0.0 5337.6 0.0 0.0
1937 5917.0 5917.0 0.0 0.0 5917.0 0.0 0.0 5917.0 0,0 0.0
1938 19304.4 19304.4 0.0 0.0 19304.4 0.0 0.0 19304.4 0.0 0,0
1939 8881.5 8881.5 0.0 0.0 8881.5 0.0 0.0 8881.5 0.0 0.0
1940 9591,7 9591.7 0.0 0,O 9591.7 0.0 0.0 9591.7 0.0 0.0
1941 26556.6 26556.6 0.0 0.0’ 26556.6 0.0 0.0 26556.6 0.0 0.0
1942 14619.9 14619.9 0.0 0.0 14619.9 0.0 0.0 14619.9 0.0 0.0
1943 10511.6 10511.8 0.0 0.0 10511.8 0.0 0.0 10511.8 0.0 0.0
1944 6542.0 6542.0 0.0 0,0 6542.0 0.0 0.0 6542.0 0.0 0.0
1945 4698.9 4698.9 0.0 0.0 4698.9 0.0 0.0 4698.9 0.0 0.0
1946 7235.5 7235,5 0.0 0.0 7235.5 0.0 0.0 7235.5 0.0 0.0
1947 5669.2 5669.2 0.0 0.0 5669.2 0,0 0.0 5669.2 0.0 0.0
1948 17188.0 17188.0 0.0 0.0 17188.0 0.0 0.0 17188.0 0.0 0.0
1949 5326.0 5326.0 0.0 0,0 5326.0 0.0 0.0 5326.0 0.0 0.0
1950 8466.8 8466.8 0.0 0.0 8466.8 0.0 0.0 8466.8 0.0 0.0
1951 7312.0 7312,0 0.0 0.0 7312.0 0.0 0.0 7312.0 0.0 0.0
1952 22622.6 22622,6 0.0 0.0 22622.6 0.0 0.0 22622.6 0.0 0.0
1953 10831.5 10831.5 0.0 0.0 10831.5 0.0 0.0 10831.5 0.0 0.0
1954 17262.7 17262.7 0.0 0.0 17262.7 0.0 0.01 17262.7 0.0 0.0
1955 7219,8 7219.8 0.0 0.0 7219.8 0.0 0.0 7219.8 0,0 0.0
1956 7466.3 7466.3 0.0 0,0 7466.3 0.0 0.0 7466.3 0.0 0.0
1957 10972.8 10972.8 0.0 0.0 10972.8 0.0 0.0 10972.8 0,0 0.0
1958 24139.4 24139.4 0.0 0.0 24139.4 0.0 0.0 24139.4 0.0 0.0
1959 8694.8 8694,8 0.0 0.0 8694.8 0.0 0.0 8694.8 0.0 0.0
1960 7938.6 7938.8 0.0 0.0 7938.8 0.0 0.0 7938.8 0.0 0.0
1961 8710.5 8710.5 0.0 0.0 8710.5 0.0 0.0 8710.5 0.0 0.0
1962 6383.2 6383.2 0.0 0.0 6383.2 0.0 0.0 6383.2 0.0 0.0
1963 42744.0 42744.0 0.0 0.0 42744.0 0.0 0.0 42744.0 0.0 0.0
1964 9922,0 9922.0 0.0 0.0 9922.0 0.0 0.0 9922.0 0.0 0.0
1965 21691.3 21691.3 0.0 0.0 21691,3 0.0 0,0 21691.3 0.0 0.0
1966 9605.9 9605.9 0.0 0.0 9605.9 0.0 0.0 9605.9 0.0 0,0
1967 19298.2 19298.2 0.0 0.0 19298.2 0.0 0.0 19298.2 0.0 0.0
1968 8403.1 8403.1 0.0 0.0 8403.1 0.0 0.0 8403.1 0.0 0.0
1969 18238.6 18238.6 0.0 0,0 18238.6 0.0 0.0 18238.6 0.0 0.0
1970 9075.5 9075 5 0.0 0.0 9075.5 0.0 0.0 9075.5 0.0 0.0
1971 7420.8 7420.8 0.0 0.0 7420.8 0.0 0.0 7420.8 0.0 0.0
1972 9710.1 9710.1 0.0 0.0 9710.1 0.0 0.0 9710.1 0.0 0.0
1973 7185.6 7185,6 0.0 0.0 7185.6 0.0 0.0 7185.6 0.0 0.0
1974 18143.8 18143.8 0.0 0.0 18143.8 0.0 0.0 18143.8 0.0 0.0
1975 7749.6 7749.6 0.0 0.0 7749.6 0.0 0.0 7749.6 0.0 0.0
1976 6778.1 6778.1 0.0 0.0 6778.1 0.0 0.0 6778.1 0.0 0.0
1977 8647.5 8647.5 0.0 0.0 8647.5 0.0 0.0 8647.5 0.0 0.0
1978 15103.2 15103.2 0.0 0.0 15103.2 0.0 0.0 15103.2 0.0 0.0
1979 6564.9 6564.9 0.0 0.0 6564.9 0.0 0.0 6564.9 0.0 0.0
1980 6108.6 6108.6 0.0 0.0 6108.6 0.0 0.0 6108.6 0.0 0,0
1981 5775.6 5775.6 0.0 0.0 5775.6 0.0 0.0 5775.6 0.0 0.0
1982 35382.3 35382.3 0.0 0.0 35382.3 0.0 0.0 35382.3 0.0 0.0
1983 21082.3 21082.3 0.0 0.0 21082.3 0.0 0.0 21082.3 0.0 0,0
1984 8322.9 8322.9 0.0 0.0 8322.9 0.0 0.0 8322.9 0.0 0.0
1985 4881.8 4881.8 0.0 0.0 4881.8 0.0 0.0 4881.8 0,0 0.0
1986 4888.2 4888.2 0.0 0.0 4888.2 0,0 0.0 4888.2 0.0 0.0
1987 9744.6 9744.6 0.0 0.0 9744.6 0.0 0o0 9744.6 0.0 0.0
1988 5292.6 5292.6 0.0 0.0 5292.6 0.0 0.0 5292.6 0.0 0.0
1989 5743,3 5743.3 0.0 0.0 5743.3 0.0 0.0 5743.3 0.0 0.0
1990 8118.7 8118.7 0.0 0.0 8118.7 0.0 0.0 8118.7 0.0 0.0
1991 4916.8 4916.8 0.0 0.0 4916.8 0.0 0.0 4916.8 0.0 0.0

Mean 10912.9 10912.9 0.0 0.0 10912.9 0,0 0.0 10912.9 0.0 0.0
Median 8275.9 8275.9 0.0 0.0 8275.9 0.0 0.0 8275.9 0.0 0.0

42744.0 42744.0 0.0 0.0 42744.0 0.0 0.0 42744.0 0.0 0.0
4698.9 4698,9 0.0 0.0 4698.9 0,0 0.0 4698.9 0.0 0.0

~t- Base > 0 0 0 0
~t- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% ~ 0 0 0
Rel Dif < = -5,0% ’ 0 0 0
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Sacramento River Flow Below Red Bluff Diversion Dam
1995 drolog¥
Existin~l Project - Screen Only Prolect with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolut~
Water Flow Flow Change Difference Flow Change Difference Flow Change DifferencYear (cfs) (cfs) (%) (cfs) (cfs) (%) icfs) (cfs! (%) (cfs)
1922 13668.4 13668.4 0.0 0.0 13668.4 0.0 0.0 13619.5 -0.4 -48
1923 10177.0 10177.0 0.0 0.0 10177.0 0.0 0.0 10128.1 -0.5 -48
1924 5733.0 5716.7 -0.3 -16.3 5733.0 0,0 0,0 5488.6 -4.3 -244.,1925 7144,6 7144.6 0.0 0.0 7144.6 0.0 0.0 6607.0 -7.5 -537.1
1926 8836.8 8869.4 0.4 32.6 8885.7 0.6 48.9 8706.5 -1.5 -130.;1927 12296.’ 12328.6 0.3 32.6 12328.6 0.3 32.6 12214,6 -0.7 -81.11928 8727.1 8987.8 3.0 260.7 8987,8 3.0 260.7 8417.6 -3.5 -309,~
1929 7420.6 7485.8 0.9 65.2 7485.8 0.9 65.2 7127.4 -4.0 -293.;1930 7646.7 7858.5 2.8 211.8 7858.5 2,8 211.8 7369.7 -3.6 -277.11931 8155.9 8286.2 1.6 130.3 8286.2 1.6 130.3 7830.0 -4.0 -325.~
1932 5766.5 5945.7 3.1 179.2 5945.7 3.1 179.2 5473.3 -5.1 -293,:
1933 6490.3 6490.3 0.0 0.0 6490.3 0.0 0.0 6457.7 -0,5 -32.(
1934 6531,8 6531.8 0.0 0.0 6531.8 0.0 0,0 6499.2 -0.5 -32,(
1935 9411.1 9459.9 0.5 48.9 9459.9 0.5 48.9 9394.8 -0.2 -16.,
1936 8879.5 8928,4 0.6 48.9 8928.4 0.6 48.9 8781.7 -1.1 -97.1
1937 8070.6 8315.0 3.0 244.4 8315.0 3.0 244.4 7777.4 -3.6 -293.:
1938 12454.0 12519.1 0.5 65.2 12519.1 0.5 65.2 12079.2 -3.0 -374.~
1939 9004.6 9200.1 2.2 195.5 9200.1 2.2 195.5 8678.7 -3,6 -325.~
1940 7673.7 7673.7 0.0 0.0 7673,7 0.0 0.0 7543.3 -1.7 -130.5
1941 17933.7 17933.7 0.0 0.0 17933.7 0,0 0.0 17640.4 -1.6 -293,."
1942 15608.0 15608.0 0.0 0.0 15608.0 0.0 0.0 15298.5 -2.0 -309,.=1943 9978.4 10027.2 0.5 48.9 10027.2 0.5 48J, 9848.0 -1.3 -130.,~
1944 7808,5 7808.5 0.0 0.0 7808.5 0.0 0.0 7531.6 -3.5 -277.�
1945 8488.0 8569.5 1.0 81.5 8569.5 1.0 81.5 8113.3 -4.4 -374:/
1946 8907.9 8940.5 0.4 ’ 32.6 8940.5 0.4 32.6 8598.3 -3.5 -309.5
1947 9949.6 9998.4 0.5 48.9 9998.4 0.5 48.9 9656.3 -2.9 -293.31948 15478.1 15478.1 0.0 0.0 15478.1 0.0 0.0 15103.4 -2,4 -374.71949 8423.5 8488.7 0.8 65.2 8488.7 0.8 65.2 8065.1 -4.3 -358.4
1950 9836.5 9885.3 0.5 48.9 9885.3 0.5 48.9 9820.2 -0.2 -16,3
1951 10158.3 10158.3 0.0 0.0 10158.3 0.0 0.0 9816.2 -3.4 -342.1
1952 13485.5 13583.3 0.7 97.8 13583.3 0.7 97.8 13127.1 -2.7 -358.4
1953 14514.z 14514.4 0.0 0.0 14514.4 0.0 0.0 14351.5 -1.1 -162.9
1954 11949.3 11998.1 0.4 48.9 11998.1 0.4 48.9 11672,3 -2.3 -277.0
1955 7566.1 7615.0 0.6 48.9 7615.0 0.6 48.9 7321.7 -3.2 -244.4
1956 16179.9 16261.3 0.5 81.5 16261.3 0.5 81.5 15821.4 -2.2 -358.~
1957 11326.9 11457.3 1.2 130.3 11457.3 1.2 130.3 10935.9 -3.5 -391.0
1958 12456.9 12456.9 0.0 0,0 12456.9 0.0 0.0 12408,0 -0.4 -48.9
1959 8726.9 8775.8 0.6 48.9 8775.8 0.6 48.9 8515.1 -2.4 -211.8
1960 7284.0 7316.6 0.4 32.6 7316.6 0.4 32.6, 7218.9 -0.9 -65.2
1961 9552.1 9698.8 1.5 146.6 9698.8 1.5 146.6 9226.3 -3.4 -325.8
1962 8337.1 8386.0 0.6 48.9 8386.0 0.6 48.9 ! 8060.2 43.3 -277.01963 9773.6 9887.6 1.2 114.0 9887.6 1.2 114.0 9464.0 -3.2 -309.5
1964 8425.8 8572.4 1.7 146.6 8572.4 1.7 146.6 8083.6 -4.1 -342.1
1965 9683.1 9846.0 1.7 162.9 9846.0 1,7 162,! 9357.2 -3.4 -325.8
1966 8979.1 9076.9 1.1 97.8 9076.9 1.1 97.8 8637.0 43.8 -342.1
1967 18968.1 19114.7 0.8 146.6 19114.7 0.8 146.6 18658.5 -1.6 -309.5
1968 8087.6 8152,8 0.8 65.2 8152.8 0,8 65.2 7778.1 -3.8 -309.5
1969 15065.4 15081,7 0.1 16.3 15081.7 0.1 16,3 14707.0 -2.4 -358.4
1970 8010,6 8173,5 2.0 162.9 8173.5 2.0 162.9 7701.1 -3.9 -309.5
1971 15134.7 15134,7 0.0 0.0 15134.7 0.0 0.0 14890.3 41.6 -244.4
1972 8719.0 8881.9 1.9 162.9 8881.9 1.9 162.9 8393.2 -3.7 -325.8
1973 10226.4 10275.3 0.5 48.9 10275.3 0.5 48.9 10226.4 0.0 0.0
1974 11261.5 11326,7 0.6 65.2 11326.7 0.6 65.2 10952.0 -2.7 -309.5
1975 16142.3 16240,0 0.6 97.8 16240.0 0.6 97.8 15816.4 -2.0 -325.8
1976 8197.2 8343,9 1.8 146.6 8343.9 1.8 146.6 7887.7 -3.8 -309.5
1977 5683.5 5683.5 0.0 0.0 5683.5 0.0 0.0 5422.8 -4.6 -260.7
1978 12127.6 12225,4 0.8 97.8 12225.4 0.8 97.8 11785.5 -2.8 -342.1
1979 10207.1 10255,9 0.5 48.9 10255.9 0.5 48.9 10207.1 0.0 0.0
1980 8928.2 9091,1 1.8 162.9 9091.1 1.8 162.9 8618.6 -3.5 -309.5
1981 9734.6 9864.9 1.3 130.3 9864.9 1.3 130.3 9392.4 -3.5 -342.1:
1982 7712.5 7777,7 0.8 65.2 7777.7 0.8 65.2 7403.0 -4.0 -309,5
1983 17662.1 17759,9 0.6 97.8 17759.9 0.6 97.8 17336.3 -1.8 -325.8
1984 9438,6 9601,5 1.7 162.9 9601.5 1.7 162.9 9080.1 -3.8 -358.4
1985 9610.7 9659,6 0.5 48.9 9659.6 0.5 48.9 9464.1 -1.5 -146.6
1986 9493.4 9558,6 0.7 65.2 9558.6 0.7 65.2 9135.0 -3.8 -358.4
1987 11627.5 11823,0 1.7 195.5 11823.0 1.7 195,5 11301.7 -2.8 -325.8
1988 9761.0 9891,3 1.3 130.3 9891.3 1.3 130.3 9337.4 -4.3 -423.6
1989 9340,6 9422.1 0.9 81.5 9422.1 0,9 81.5 8965.9 -4.0 -374.7
1990 9578.9 9578,9 0.0 0.0 9578.9 0.0 0.0 9285.7 -3.1 -293.3
1991 5461.5 5689,6 4.2 228.1 5689.6 4.2 228.1 5103.0 -6.6 -358J

Mean 10158.3 10236,3 0.9 78.0 10236.7 0.9 78.4 9896.2 -2.8 -262.1
Median 9466.0 9568.8 0.6 65.2 9568.8 0.6 65.2 9180.7 -3.1 -309.5

18968.1 19114,7 4,2 260.7 19114.7 4.2 260,7 18658.5 0.0 0.0
5461,5 5683,5 -0.3 -16.3 5683.5 0.0 0.0 5103.0 -7.5 -537.6

Base > 0 53 53 0
Base > -100 70 70 12

Rel Dif < = -1.0% 1 0 9
Rel Dif < = -2.0% 0 0 11
Rel D~f < = -3.0% 0 0 11
Rel Dif < = -5.0% 0 0 34

SUBJECT TO REVISION November 17, 1996

C--086052
C-086052



Sacramento River Flow Below Red Bluff Diversion Dam
1995 drolo~ly
Existing Project - Screen Only/ Project wlth GF No Project / No Action

Relative Absolute           Relative Absolute           Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc~
Year (cfs) ~cfs) (%) ~cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1922 10083.9 10117.5 0.3 33.7 10117.5 0.3 33.7 10016.5 -0.7 -67.’.
1923 10406.6 10490.8 0.8 84.2 10490.8 0.8 84.2 10389.8 -0.2 -16.8
1924 7268.1 7268.1 0.0 0.0 7268.1 0.0 0.0 6157.0 -15.3 -1111 .’
1925 9865.6 9983.4 1.2 117.8 9983.4 1.2 117.8 8805.0 -10.6 -1060.6
1926 10447.9 10548.9 1.0 101.0 10548,9 1,0 101.0 10094,4 -3,4 -353,5
1927 9224.9 9814.1 6.4 589.2 9814.1 6.4 589.2 8585.1 -6.9 -639.7
1928 10445.5 11219.9 7.4 774.,~ 11219.9 7.4 774.4 9889.9 -5.3 -555.6
1929 7068.1 7371.1 4.3 303.0 7371.1 4.3 303.( 6361.0 -10.0 -707.1
1930 10281: 10752.5 4.6 471.4 10752.5 4.6 471.z 9574.0 -6.9 -707.1
1931 6256.5 6340.7 1.3 84.2 6340.7 1.3 84.2 5498.9 -12.1 -757.6
1932 6741.7 7364.6 9.2 622.9 7364.6 9.2 622.9 5984.2 -11.2 -757.6
1933 7735.4 7735.4 0.0 0.0 7735.4 0.0 0.0 7365.1 -4.8 -370.,
1934 7742.4 7742.4 0.0 0.0 7742.4 0.0 0.0 7237.4 -6.5 -505.1
1935 10577.6 10678.6 1.0 101.0 10678.6 1.0 101.0 10341.9 -2.2 -235.7
1936 9243.4 9344.4 1.1 101.0 9344.4 1.1 101.0 8856.2 -4.2 -387.2
1937 9047.3 9804.8 8.4 757.6 9804.8 8.4 757.6 8525.4 -5.8 -521.9
1938 11347.0 11700.5 3.1 353.5 11700.5 3.1 353.5 10707.2 -5.6 -639.7
1939 9199.4 9603.4 4.4 404.0 9603.4 4.4 404.0 8492.3 -7.7 -707.1
1940 9924.6 10396.0 4.7 471.4 10396.0 4.7 471.4 9268.0 -6.6 -656.6
1941 11495.9 11849.5 3.1 353.5 11849.5 3.1 353.5 10873.0 -5.4 -622.9
1942 11168.1 11875.2 6.3 707.1 11875.2 6.3 707.1 10663.1 -4.5 -505.’
1943 9223.1 9913.3 7.5 690.2 9913.3 7.5 690.2 8768.5 -4.9 -454.5
1944 9066.1 9655.3 6.5 589.2 9655.3 6.5 589.; 8443.2 -6.9 -622.9
1945 8954.8 9510.4 6.2 555.6 9510.4 6.2 555,6 8247.7 -7.9 -707.1
1946 9976.2 10548.6 5.7 572.4 10548.6 5.7 572.4 9269.1 -7.1 -707.1
1947 8899.6 9371.0 5.3 471.4 9371.0 5.3 471.4 8192.5 -7.9 -707.1
1948 12320.7 12707.9 3.1 387.2 12707.9 3.1 387.2 11647.3 -5.5 -673.4
1949 9793.0 10213.9 4.3 420.9 10213.9 4.3 420.9 9153.3 -6.5 -639.7
1950 9576.9 10115.6 5.6 538.7 10115.6 5.6 538.7 8970.8 -6.3 -606.1
1951 9779.2 10402.1 6.4 622.9 10402.1 6.4 622.9 9139.4 -6.5 -639.7
1952 11263.3 11734.7 4.2 471.4 11734.7 4.2 471.4 10539.4 -6.4 -723.9
1953 11894.2 12466.6 4.8 572.4 12466.6 4.8 572.4 11204.0 -5.8 -690.;
1954 10404.7 10522.5 . 1.1 117.8 10522.5 1.1 117.8 9714.5 -6.6 -690.2
1955 9600.,~ 9869.8 2.8 269.4 9869.8 2.8 269.4 8826.0 -8.1 -774.4
1956 11224.8 11797.2 5.1 572.4 11797.2 5.1 572.4 10500.9 -6.4 -723.9
1957 8824.2 9430.3 6.9 606.1 9430.3 6.9 606.1 8201.3 -7.1 -622.9
1958 12741.4 12977.1 1.8 235.7 12977.1 1.8 235.7 12034.4 -5.5 -707.1
1959 10032.~ 10672.2 6.4 639.7 10672.2 6.4 639.7 9375.9 -6.5 -656.6
1960 10674.0 11094.8 3.9 420.9 11094.8 3.9 420.9 9950.0 -6.8 -723.9
1961 11681.1 12135.7 3.9 454.5 12135.7 3.9 454.5 10957.2 -6.2 -723.9
1962 9687.7 10159.1 4.9 471.4 10159.1 4.9 471.4 8963.8 -7.5 -723.9
1963 9312.1 9598.3 3.1 286.2 9598.3 3.1 286.2 8638.7 -7.2 -673.4
1964 9254." 9725.5 5.1 471.4 9725.5 5.1 471.4 8547.0 -7.6 -707.1
1965 8229." 9070.9 10.2 841.6 9070.9 10.2 841.8 7808.3 -5.1 -420.9
1966 10050.5 10370.4 3.2 319.9 10370.4 3.2 319.9 9343.5 -7.0 -707.1
1967 11831.0 12251.8 3.6 420.9 12251.8 3.6 420.9 11039.7 -6.7 -791.2
1968 10026.0 10312.2 2.9 286.2 10312.2 2.9 286.2 9302.1 -7.2 -723.9
1969 11192.5 11293.6 0.9 101.0 11293.6 0.9 101.0 10603.3 -5.3 -589.2
1970 9893.9 10298.0 4.1 404.0 10298.0 4.1 404.0 9186.9 -7.1 -707.1
1971 11983.8 12101.7 1.0 117.8: 12101.7 1.0 117.8 11192.6 -6.6 -791.2
1972 10148.6 10451.6 3.0 303.0 10451.6 3.0 303.0 9424.7 -7.1 -723,9
1973 9353.0 9605.5 2.7 252.5 9605.5 2.7 252.5 8629.1 -7.7 -723,9
1974 11490.5 11844.0 3.1 353.5 11844.0 3.1 353.5 10817.1 -5.9 -673,4
1975 10940.5 11462.4 4.8 521.9, 11462.4 4.8 521.9 10250.3 -6.3 -690.2
1976 9777.3 10215.0 4.5 437.7 10215.0 4.5 437.7 9002.9 -7.9 -774,4
1977 7579.8 7832.3 3.3 252.5 7832.3 3.3 252.5 6721.2 -11.3 -858.6
1978 8874.9 9127.5 2.8 252.5 9127.5 2.8 252.5 8235.2 -7.2 -639.7
1979 10485.7 10586.7 1.0 101.0 10586.7 1.0 101.0 10115.3 -3,5 -370.4
1980 8423.7 9147.6 8.6 723.9 9147.6 8.6 723.9 7851.3 -6.8 -572.4
1981 9936.( 10525.3 5.9 589.2 10525.3 5.9 589.2 9296,3 -6,4 -639.7
1982 11029.7 11501.1 4.3 471.4 11501.1 4.3 471.4 10322.7 -6.4 -707.1
1983 14825.7 15465.5 4.3 639.7 15465.5 4.3 639,7 14152,3 -4,5 -673.4
1984 9386.( 9689.0 3.2 303.0 9689.0 3.2 303.0 8594.8 -8.4 -791.2
1985 12281.4 12466.6 1.5 185,2 12466.6 1.5 185.2 11675,4 -4.9 -606.1
1986 10615.3 10985.6 3.5 370,4 10985,6 3.5 370,4 9958.7 -6.2 -656.6
1987 15585.0 16106.8 3.3 521.9 16106.8 3,3 521.9 14844.2 -4.8 -740.7
1988 14222.4 14862.1 4.5 639,7 14862.1 4.5 639.7 13532.2 -4.9 -690.2
1989 10461.0 10629.4 1.6 168.4 10629.4 1,6 168.4 9636.1 -7.9 -824.9
1990 10732.9 10850,7 1,1 117,8 10850,7 1.1 117.8 9924.8 -7.5 -808.1
1991 5294." 5748.6 8.6 454,5 5799.1 9.5 505.1 4570.2 -13.7 -723.8

Mean 10062.9 10448.9 3.9 386.0 10449.7 3.9 386.7 9414.3 -6.7 -648.6
Median 10001.1 10399.0 3.9 412.5 10399.0 3.9 412.5 9299.2 -6.6 -690.2

15585.01 16106.8 10.2 841.8 16106.8 10.2 841.8 14844.2 -0.2 -16.8
5294.1 5748,6 0,0 0.0 5799.1 0.0 0.0 4570.2 -15.3 -1111.1

AIt- Base > 0 67 67 6
AJt- Base > -100 70 70 2

Rel Dif < = -1.0% 0 0 2
Ref D~f<= -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 1
Rel Dif< = -5.0% 0 0 10

SUBJECT TO REVISION November 17, 1996

C--086053
C-086053



Sacramento River Flow Below Red Bluff Diversion Dam
1995
Existin~l Project - Screen Only, Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differencz
Year Icfs) (cfs) (%) (cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1922 11007,0 11007,0 0.0 O.Oi 11007.0 0.0 0.0 10860.3 -1.3 -146.6
1923 11699.2 11699.2 0.0 0.0 11699.2 0.0 0,0 11552.6 -1.3 -146,6
1924 8213.4 8213.4 0.0 0.0 8213.4 0.0 0,0 7464.0 -9.1 -749.4
1925 10555,3 10685.7 1.2 130.3 10685.7 1.2 130,3 9854.8 -6.6 -700.6
1926 15147.1 15212.3 0.4 65.2 15212.3 0.4 65.2 15016.8 -0.9 -130.3
1927 10680.5 10941.2 2.4 260.7 10941.2 2.4 260,7 9817.0 -8.1 -863.5
1928 16215.1 16329.1 0.7 114.0 16329.1 0,7 114.0 15465,6 -4.6 -749.4
1929 10531.2 10645.2 1.1 114.0 10645.2 1,1 114,0 9749.2 -7.4 -782.0
1930 11698.3 11779.8 0.7 81.5 11779.8 0.7 81,5 11111,8 -5.0 -586.5
1931 7014.7 7031.0 0.2 16.3 7031.0 0.2 16,3 6265.3 -10,7 -749.4
1932 8029.9 8160.2 1.6 130.3 8160.2 1.6 130,3 7247.9 -9,7 -782.0
1933 8725.7 8725.7 0.0 0.0 8725.7 0.0 0.0 8513.9 -2.4 -211,8
1934 7698.3 7698.3 0.0 0.0 7698.3 0.0 0.0 7372.5 -4.2 -325.8
1935 10821.4 10968.1 1.4 146.6 10968.1 1.4 146.6 10772.6 -0.5 -48.9
1936 11225.3 11372.0 1,3 146.6 11372.0 1,3 146.6 11078.7 -1.3 -146.6
1937 10701.7 11190.5 4.6 488.8 11190.5 4.6 488.8 10164.1 -5.0 -537,6
1938 10343.0 10734.0 3.8 391.0 10734.0 3.8 391.0 9740.2 -5.8 -602.8
1939 11510.1 11705.6 1.7 195.5 11705.6 1.7 195.5 10809.6 -6.1 -700.6
1940 11160.5 11486.4 2.9 325.8 11486.4 2.9 325.8 ! 10525.1 -5.7 -635.4
1941 10649.8 10796.4 1.4 146,6 10796.4 1.4 146.61 10128.5 -4.9 -521.3
1942 10226.7 10650.3 4.1 423.6 10650.3 4.1 423.l 9623.9 -5.9 -602.8
1943 9940.8 10608.8 6.7 668.0 10608.8 6.7 668.! 9386.9 -5.6 -553.9
1944 10874.2 11379.2 4.6 505.1 11379.2 4.6 505.’ 10271.4 -5.5 -602.8
1945 11260.6 11553.9 2.6 293.3 11553.9 2.6 293.: 10706.7 -4.9 -553.9
1946 11013.0 11241.1 2.1 228.1 11241.1 2.1 228.’ 10345.1 -6.1 -668.0
1947 12053.4 12428.1 3.1 374.7 12428.1 3.1 374.7 11434.3 -5.1 -619.1
1948 10761.6 10891,9 1,2 130.3 10891.9 1.2 130.3 10240.2 -4.8 -521.3
1949 10562.2 10774.0 2.0 211.8 10774.0 2.0 211.~ 9943.1 -5.9 -619.1
1950 10105.0 11049.9 9.4 944.9 11049.9 9.4 944.9 9762.8 -3.4 -342.1
1951 11252.1 11561.6 2.8 309.5 11561.6 2.8 309.,~ 10649.3 -5.4 -602.8
1952 10796.1 10991.6 1.8 195.5 10991.6 1.8 195.5 10160.7 -5.9 -635.4
1953 10678.9 10907.0 2.1 228.1 10907.0 2.1 228." 10027.2 -6.1 -651.7
1954 15157.7:15255.4 0.6 97,8 15255.4 0.6 97.8 14408.2 -4.9 -749.4
1955 12206.7; 12499.9 2.4 293.3 12499.9 2.4 293.3 11538.7 -5.5 -668.0
1956 10524.7 10752.8 2.2 228.1 10752.8 2.2 228/ 9954.5 -5.4 -570.2
1957 10940.61 11136.1 1.8 195.5 11136.1 1.8 195.5 10419.2 -4.8 -521.3
1958 10935.7 11180.1 2.2 244.4 11180.1 2.2 244J 10218.9 -6.6 -716.8
1959 14952.2 15131.5 1.2 179.2 15131.5 1.2 179.2 14219.1 -4.9 -733.1
1960 13894.4 14204.0 2.2 309.5 14204.0 2.2 309.5 13128.7 -5.5 -765.7
1961 14879.0 14944.1 0.4 65.2 14944.1 0.4 65.2 14357.6 -3.5 -521.3
1962 11632.4 11779.1 1.3 146.6 11779.1 1.3 146,6 11062.2 -4.9 -570.2
1963 10341.9 10504.8 1.6 162.9 10504.8 1.6 162.9 9722.8 -6.0 -619.1
1964 13541.9 13639.7 0.7 97.8 13639.7 0.7 97.8 12825.1 -5.3 -716.8
1965 10145.7 10732.2 5.8 586.5 10732.2 5.8 586.5 9559.2 -5.8 -586.5
1966 13684.8 13684.8 0.0 0.0 13684.8 0.0 0.0 13033.1 -4.8 -651.7
1967 10195.0 10488,3 2.9 293.3 10488.3 2.9 293.3 9673.7 -5.1 -521.3
1968 15168.1 15233.3 0.4 65.2 15233.3 0.4 65.2 14597.9 -3.8 -570.2
1969 10175.5 10647.9 4.6 472.5 10647,9 4.6 472.5 9474.9 -6.9 -700.6
1970 12825.0 12890.2 0.5 65.2 12890.2 0.5 65.2 12124.4 -5.5 -700.6
1971 11222.2 11319.9 0.9 97.8 11319.9 0.9 97.8 10489.0 -6.5 -733.1
1972 14988.7 15021.3 0.2 32.6 15021.3 0.2 32.6 14288.2 -4.7 -700.6
1973 11922,8 12036.8 1.0 114.0 12036.8 1.0 114.0 11222.2 -5.9 -700.6
1974 11695.4 11695.4 0.0 0.0 11695.4 0.0 0.0 11060.1 -5.4 -635.4
1975 10651.8 10798.5 1.4 146.6 10798.5 1.4 " 146.6 10016.5 -6.0 -635.4
1976 13874.9 13874.9 0.0 0.0 13874.9 0.0 0.0 13321.0 -4.0 -553.9
1977 7886.~ 7902.7 0,2 16.3 7902.7 0.2 16.3 7169.5 -9.1 -716.8
1978 10355.1 10501.8 1.4 146.6 10501.8 1.4 146.6 9931.5 -4.1 -423.6
1979 11988.8 12119.1 1.1 130.3 12119.1 1.1 130.3 11874.7 -1.0 -114.0
1980 10161.5 10585.1 4.2 423.6 10585.1 4.2 423.6 9591.3 -5.6 -570.2
1981 13731.1 13926.6 1.4 195.5 13926.6 1.4 195.5 13144,6 -4.3 -586.5
1982 10525.4 10786.1 2.5 260.7 10786.1 2.5 260.7 9922.6 -6,7 -602.8
1983 11115.9 11344,0 2.1 228.1 11344.0 2.1 228.~ 10513.1 -5.4 -602.8
1984 10696.2 11217.5 4.9 521.3 11217.5 4.9 521.3 10028.2 -6,2 -668.0
1985 11587.4 12157.7 4.9 570.2 12157.7 4,9 570.2 10903.2 -5.9 -684.3
1986 11038.3 11201.2 1.5 162.9 11201.2 1.5 162.9 10500.6 -4,9 -537.6
1987 14569.5 14651.0 0.6 81.5 14651.0 0.6 81.5 13852.7 -4.9 -716.8
1988 13097.9 13342.3 1,9 244.4 13342.3 1.9 244.4 12446.3 -5.0 -651.7
1989 13669.4 13783.4 0.8 114.0 13783.4 0.8 114.0 13099.1 . -4.2 -570.2
1990 14267.7 14316.6 0.3 48.9 14316.6 0.3 48.9 13518.3 -5.3 -749.4
1991 8955.4 9004.3 0.5 48.9 9004.3 0.5 48.9 8254.9 -7.8 -700,6

Mean 11462.2 11667.3 1.9 205.0 11667.3 1.9 205.0 10879.0 -5.2 -583.3
Median 11010.0 11229.3 1.4 146.6 11229.3 1.4 146.6 10494.8 -5.4 -619.1

16215.1 16329.1 9.4 944.9 16329.1 9.4 944,9 15465.6 -0.5 -48.9
7014.7 7031.0 0.0 0.0 7031.0 0.0 0.0 6265.3 -10.7 -863.5

AIt- Base > 0 62 62 0
Alt- Base > -100 70 70 1

Rel Dif < = -1.0% 0 0 3
Rel Dif < = -2.0% 0 0 3
Rel Dif < = -3.0% 0 0 1
Rel Dif < = -5,0% 0 0 21

SUBJECT TO REVISION November 17, 1996
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Sacramento River Flow Below Red Bluff Diversion Dam
1995 H, trolo~ly
Existin~l Project - Screen Only/ Proiect with GF No Prolect I No Action

Relative Absolute =          Relative Absolute           Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc~
Year (cfs) (cfs) (%) (cfs) (cfs) I%) (cfs) Icfs) (%) (cfs)
1922 10643.9 10806.8 1.5 162 9 10806.8 1.5 162.9 10643.9 0.0 0.0
1923 10492.1 10638.7 1.4 146.61 10638,7 1.4 146.6 10492.1 0.0 0.0
1924 4858.3 5412.2 11.4 553.9 5477.4 12.7 619.1 4972.3 2.3 114.0
1925 9608.6 10521.0 9,5 912.3 10521.0 9.5 912.3 9738.9 1.4 130.3
1926 9276.7 9455.9 1.9 179.2 9521.1 2.6 244.4 9276.7 0.0 0.0
1927 9771.0 10813.7 10.7 1042.7 10813.7 10.7 1042.7 9885.1 1.2 114.0
1928 11851.8 12813.0 8.1 961.2 12813.0 8,1 961.2 11965.8 1.0 114.0
1929 9487,6 10302.2 8.6 814.6 10302.2 8.6 814.6 9601.6 1.2 114.0
1930 8197.5 8930.7 8.9 733,1 8963.3 9.3 765.7 8327.9 1.6 130.3
1931 5256.3 5908.0 12.4 651.7 5908.0 12.4 651.7 5354.1 1.9 97.8
1932 7040.0 7984.9 13.4 944.9 7984.9 13.4 944.9 7137.7 1.4 97.8
1933 8052.4 8264.2 2.6 211.8 8264.2 2.6 211.8 8052.4 0.0 0.0
1934 6456.~ 6716.8 4.0 260.7 6716.8 4.0 260.7 6456.1 0.0 0.0
1935 10480.5 10724.9 2.3 244.4 10724.9 2.3 244,4 10480.5 0.0 0.0
19’~6 10728.3 11070.4 3.2 342.1 11070.4 3.2 342.1 10728.3 0.0 0.0
1937 10120.8 11114.6 9.8 993.8~ 11114.6 9.8 993.8 10234.8 1.1 114.0
1938 9633.0 10512.8 9.1 879.8 10512.8 9.1 879.8 9747,1 1.2 114.0
1939 8557.3 9355.6 9.3 798.: 9355.6 9.3 798.3 8671.4 1.3 114.0
1940 10135.4 11096.7 9.5 961.2 11096.7 9.5 961.2 10249.5 1.1 114.0
1941 10189.0 10938.4 7.4 749.4 10938.4 7.4 749.4 10368,2 1.8 179.2
1942 9835.8 10813.3 9.9 977J 10813.3 9.9 977.5 9949.9 1.2 114.0
1943 9464.6 10588.7 11.9 1124.’ 10588.7 11,9 1124.1 9562.3 1.0 97.6
1944 9490.1 10532.8 11.0 1042.7 10532.8 11.0 1042.7 9604.1 1.2 114.0
1945 10069.5 10949.3 8.7 879.8 10949,3 8.7 879.8 10183.5 1.1 114.0
1946 9880.5 10711.4 8.4 830J 10711.4 8,4 830,9 9994.6 1.2 114.0
1947 9021.6 9950.3 10,3 928.6 9950.3 10.3 928.6 9135.7 1.3 114.0
1948 10544.7 11131.2 5.6 586.5 11131.2 5.6 586.5 10707.6 1.5 162.9
1949 9288.7 10135.9 9.1 847.2 10135.9 9.1 847.2 9402.7 1.2 114.0
1950 9409.6 10501.4 11.6 1091.( 10501.4 11.6 1091.6 9475.0 0.7 65.2
1951 9589.0 10436.2 8.8 847.2 10436,2 8.8 847.2 9686.7 1.0 97.8
1952 9976.3 10758.3 7.8 782.( 10758.3 7.8 782.0 10074.0 1.0 97.8
1953 10107.6 10889.6 7.7 782.0 10889.6 7.7 782.0 10205.4 1,0 97.8
1954 10178.6 10928.0 7.4 749.4 10928.0 7.4 749.4 10292.6 1,1 114.0
1955 8923.7 9559.1 7.1 635.d 9559.1 7.1 635.4 9037.8 1.3 114,0
1956 10013.2 10681.2 6.7 668.0 10681.2 6.7 668.0 10127.3 1.1 114.0
1957 9758.7 10589.6 8.5 830,9 10569,6 8.5 830,9 9872.7 1.2 114.0
1958 10013.4 10893.2 8.8 879.8 10893.2 8.8 879.8 10111.2 1.0 97.8
1959 8910.0 9806.1 10.1 896.1 9806.1 10.1 896,1 9007.7 1.1 97.8
1960 9281.6 10308.0 11.1 1026.~ 10308.0 11.1 1026,4 9411.9 1.4 130.3
1961 9346.9 10080.0 7.8 733.’ 10080,0 7.8 733,1 9444.6 1,0 97.8
1962 9442.9 10224.9 8.3 782,0 10224.9 8.3 782,0’ 9556.9 1.2 114.0
1963 9811.8 10691.5 9.0 879.! 10691.5 9,0 879,8 9942.1 1.3 130.3
1964 9426.0 10208.0 8.3 782,( 10208.0 8,3 782,0 9523.7 1.0 97.~
1965 10129.0 11187.9 10.5 1059,0 11187.9 10,5 1059,0 10243.0 1.1 114.0
1966 8902.9 9636.1 8.2 733,1 9636.1 8.2 733.1 9017.0 1.3 114.0
1967 9534.0 10055.4 5.5 521,3 10055.4 5.5 521.3 9680.7 1.5 146.6
1968 7822.2 8490.2 8.5 668.0 8490.2 8.5 668.01 7936.3 1.5 114.0
1969 9531.Z 10574.0 10.9 1042,7 10574.0 10.9 1042,7 9645.4 1.2 114,0
1970 9010.4 9711.0 7.8 700,6 9711.0 7.8 700.6 9108.2 1.1 97,8
1971 10334,0 11050.8 6.9 716.8 11050.8 6.9 716.8 10448.0 1.1 114,0
1972 8701,5 9434.7 8.4 733,1 9434.7 8.4 733.1 8799.3 1.1 97,8
1973 10219,8 10904.0 6.7 684.3 10904.0 6.7 684.3 10301.2 0.8 81,5
1974 10065,4 10863.7 7.9 798.3 10863.7 7.9 798.3 10163.2 1.0 97,8
1975 9960,8 10742.8 7.9 782.0 10742.8 7,9 782,0 10074.8 1.1 114.0
1976 9113,8 9944.6 9.1 830.9 9944.6 9.1 830.9 9227.8 1.3 114,0
1977 5096,5 5715.6 12.1 619.1 5780.8 13.4 684.3 5210.6 2.2 114.0
1978 9946.6 10419.1 4.8 472.5 10419.1 4.8 472.5 10060.7 1,1 114.0
1979 7471.6 7797.4 4.4 325.8 7830.0 4.8 358.4 7471.6 0,0 0.0
1980 9594.4 10620,8 10.7 1026.4 10620.8 10,7 1026.4 9692.2 1.0 97.8
1981 8238.2 9150.6 11.1 912.3 9150.6 11.1 912.3 8352.3 1.4 114.0
1982 9801,6 10567.3 7.8 765.7 10567.3 7.8 765.7 9997,1 2.0 195.5
1983 10179.7 11124.7 9.3 944.9 11124.7 9.3 944.9 10326.4 1.4 146.6
1984 9658.8 10734.1 11,1 1075.3 10734,1 11.1 1075.3 9707.7 0.5 48.9
1985 8406.7 9449.3 12.4 1042.7 9449.3 12.4 1042,7 8504.4 1.2 97.8
1986 9822.4 10311.2 5.0 488.8 10311.2 5.0 488.8 9920.2 1.0 97.8
1987 8099,0 9011.4 11.3 912.3 9011.4 11,3 912.3 8213.1 1.4 114.0
1988 8177.8 9122.8 11.6 944.9 9122.8 11.6 944.9 8275.6 1.2 97,8
1989 8273.8 9007.0 8.9 733.1 9007.0 8.9 733.1 8387.9 1.4 114.0
1990 9051.2 9816.9 8.5 765.7 9816.9 8.5 765.7 9165.3 1.3 114.0
1991 5203,2 6001.5 15.3 798.3 6050.4 16.3 847.2 5317.2 2.2 114.0

Mean 9155.3 9945.6 8.5 760.4 9950.1 8.5 764.8 9284.9 1.1 99,6
Median 9532.7 10468.8 8.7 790.2 10468.8 8.7 790.2 9663.0 1.2 114.0

11851.8 12813.0 15.3 1124.1 12813.0 16.3 1124.1 11965.8 2,3 195.5
4858.3 5412.2 1,4 146,6 5477.4 1.4 146.6 4972.3 0.0 0.0

PJt- Base > 0 70 70 62
Alt- Base > -100 70 70 70

Rei Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0

SUBJECT TO REVISION November 17, 1996
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September Sacramento River Flow Below Red Bluff Diversion Dam

Existin~l Pro~ect - Screen Only, Proiect with GF No Project / No Action
Relative Absolute          Relative Absolute          Relative Absolute

Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc~
Year (cfs) Icfs) (%) Icfs) Icfs) I%) (cfs) (cfs) (%) (cfs)
1922 8168.1 8168.1 0.0 0.0 8168.1 0.0 0.0 8168.1 0.0 0.0
1923 6431.1 6431.1 0.0 0.0 6431.1 0.0 0.0 6431.1 0.0 0.0
1924 4767.9 4767,9 0.0 0.0 4767.9 0.0 0.0 4767.9 0.0 0.0
1925 6375.1 6375.1 0.0 0.0 6375.1 0.0 0.0 6375.1 0.0 0.0
1926 5888.3 5888.3 0.0 0.0 5888.3 0.0 0.0 5888.3 0.0 0.0
1927 9715.4 9715.4 0.0 0.0; 9715.4 0.0 0.0 9715.4 0.0 0.0
1928 7043.3 7043.3 0.0 0.0 7043.3 0.0 0.0 7043.3 0.0 0.0
1929 6008.3 6008.3 0.0 0.0 6008.3 0.0 0.0 6008.3 0.0 0.0
1930 6331.4 6331.4 0.0 0.0 6331.4 0.0 0.0 6331.4 0.0 0.0
1931 4609.6 4609.6 0.0 0.0 4609.6 0.0 0.0 4609.6 0.0 0.0
1932 4480.1 4480.1 0.0 0.0 4480.1 0.0 0.0 4480.1 0.0 0.0
1933 4762.6 4762.6 0.0 0.0 4762.6 0.0 0.0 4762.6 0.0 0.0
1934 4944.0 4944,0 0.0 0,0 4944,0 0.0 0.0 . 4944.0 0.0 0.0
1935 5941.5 5941.5 0.0 0.0 5941.5 0.0 0.0 5941.5 0.0 0.0
19~6 5935.9 5935.9 0.0 0.0 5935.9 0.0 0.0 5935.9 0.0 0.0
1937 6378.7 6378.7 0.0 0.0 6378.7 0.0 0.0 6378.7 0.0 0.0
1938 11700.2 11700.2 0.0 0.0 11700.2 0.0 0.0 11700.2 0,0 0.0
1939 5977.2 5977,2 0.0 0.0 5977,2 0.0 0,0 5977.2 0.0 0.0
1940 6033.2 6033.2 0.0 0.0 6033.2 0.0 0.0; 6033.2 0.0 0.0
1941 11428.1 11428.1 0.0 0.0 11428.1 0.0 0.0 11428.1 0.0 0.0
1942 11341,2 11341.2 0.0 0.0 11341.2 0.0 0.01 11341.2 0.0 0.0
1943 10984.6 10984.6 0.0 0.0 10984.6 0.0 0.0 10984.6 0.0 0.0
1944 5589.3 5589.3 0.0 0.0 5589.3 0.0 0.0 5589.3 0.0 0.0
1945 6042.6 6042.6 0.0 0.0 6042.6 0.0 0.0 6042.6 0.0 0.0
1946 5507.6 5507.6 0.0 0.0 5507.6 0.0 0.0 5507.6 0,0 0.0
1947 5617.4 5617.4 0.0 0.0 5617.4 0.0 0.0’ 5617.4 0.0 0.0
1948 9007.6 9007.6 0.0 0.0 9007.6 0.0 0.0 9007.6 0.0 0.0
1949 5675.8 5675.8 0.0 0.0 5675.8 0.0 0.0 5675.8 0.0 0.0
1950 5846.3 5846.3 0.0 0.0 5846.3 0.0 0.0 5846.3 0.0 0.0
1951 5758.6 5758.6 0.0 0.0 5758.6 0.0 0.0 5758.6 0.0 0.0
1952 11641.5 11641.5 0.0 0.0 11641.5 0.0 0.0 11641.5 0.0 0.0
1953 11638.0 11638.0 0.0 0.0 11638.0 0.0 0.0 11638.0 0.0 0.0
1954 7693.0 7693.0 0.0 0.0 7693.0 0.0 0.0 7693.0 0.0 0.0
1955 6142.0 6142.0 0.0 0.0 6142.0 0.0 0.0 6142.0 0.0 0.0
1956 11720.0 11720.0 0.0 0.0 11720.0 0.0 0.0 11720.0 0.0 0.0
1957 12283.5 12283.5 0.0 0.0 12283.5 0.0 0.0 12283.5 0.0 0.0
1958 11959.5 11959.5 0.0 0.0 11959.5 0.0 0.0 11959.5 0.0 0.0
1959 6570.9 6570.9 0.0 0.0 6570.9 0.0 0.0 6570.9 0.0 0,0
1960 5811 11 5811.1 0.0 0.0 5811.1 0.0 0.0 5811.1 0.0 0.0
1961 6106.41 6106.4 0.0 0.0 6106.4 0.0 0.0 6106.4 0.0 0.0
1962 6557.0 6557.0 0.0 0.0 6557.0 0.0 0.0 6557.0 0.0 0.0
1963 11510.’ 11510.1 0.0 0.0 11510,1 0,0 0.0 11510.1 0.0 0.0
1964 6007.9 6007.9 0.0 0.0 6007.9 0.0 0.0 6007.9 0,0 0.0
1965 10357.3 10357.3 0.0 0.0 10357.3 0.0 0.0 10357,3 0.0 0.0
1966 6771.5 6771.5 0.0 0.0 6771.5 0.0 0.0 6771.5 0.0 0.0
1967 10833.7 10833.7 0.0 0.0 10833.7 0.0 0.0 10833.7 0.0 0.0
1968 6162.6 6162.6 0.0 0.0 6162.6 0.0 0.0 6162.6 0.0 0.0
1969 11612.8 11612.8 0.0 0.0 11612.8 0.0 0.0 11612.8 0.0 0.0
1970 5951.2 5951.2 0.0 0.0 5951.2 0.0 0.0 5951.2 0.0 0.0
1971 12132.1 12132.1 0.0 0.0 12132.1 0.0 0.0 12132.1 0.0 0.0
1972 6401.9 6401.9 0.0 0.0 6401.9 0.0 0o0 6401.9 0.0 0.0
1973 9957.2 9957.2 0.0 0.0 9957,2 0.0 0.0 9957.2 0.0 0.0
1974 11752.8 11752.8 0.0 0.0 11752.8 0.0 0,0 11752.8 0.0 0.0
1975 11609.3 11609.3 0.0 0.0 11609.3 0.0 0.0 11609.3 0.0 0.0
1976 6231.8 6231.8 0.0 0.0 6231.8 0.0 0.0 6231.8 0.0 0.0
1977 5402.8 5402.8 0.0 0.0 5402.8 0.0 0.0 5402.8 0.0 0.0
1978 11989.9 11989.9 0.0 0.0 11989.9 0.0 0.0 11989.9 0.0 0.0
1979 6188.1 6188.1 0.0 0.0 6188.1 0.0 0.0 6188.1 0.0 0.0
1980 10045.7 10045.7 0.0 0.0 10045.7 0.0 0.0 10045.7 0.0 0.0
1981 6103.9 6103.9 0.0 0.0 6103.9 0.0 0.0 6103.9 0.0 0.0
1982 12219.6 12219.6 0.0 0.0 12219.6 0.0 0.0 12219.6 0.0 0.0
1983 12254.0 12254.0 0.0 0,0 12254.0 0.0 0.0 12254,0 0.0 0.0
1984 11625.4 11625.4 0.0 0,0 11625.4 0.0 0.0 11625,4 0.0 0.0
1985 6848,7 6848.7 0.0 0.0 6848.7 0.0 0.0 6848.7 0.0 0.0
1986 6745.9 6745.9 0.0 0.0 6745.9 0.0 0.0 6745.9 0.0 0.0
1987 5745.1 5745.1 0.0 0.0 5745.1 0,0 0.0 5745.1 " 0.0 0.0
1988 5549.6 5549.6 0.0 0.0 5549,6 0.0 0.0 5549.6 0.0 0,0
1989 6565.3 6565.3 0.0 0.0 6565.3 0.0 0.0 6565.3 0.0 0.0
1990 5926.5 5926.5 0.0 0.0 5926.5 0.0 0.0 5926.5 0.0 0.0
1991 4550.0 4550.0 0.0 0.0 4550.0 0.0 0.0 4550.0 0.0 0.0

Mean 7820.9 7820.9 0.0 0.0 7820.9 0.0 0.0 7820.9 0.0 0.0
Median 6390.3 6390.3 0,0 0.0 6390.3 0.0 0.0 6390.3 0.0 0.0

12283.5 12283.5 0.0 0.0 12283.5 0.0 0.0 12283.5 0.0 0.0
4480.1 4480.1 0.0 0.0 4480.1 0.0 0.0 4480.1 0.0 0.0

AIt-Base> 0 0 0 0
AIt- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0
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October Sacramento River Flow Below Red Bluff Diversion Dam
1995 H rlrolo~ly
Existing Project - Screen Only/ Project with GF No Project I No Action

Relative Absolute          Relative Absolut~           Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differencz
Year Icfs) (cfs) (%! Icfs! (cfs) !%! (cfs) (cfs) (%) (cfs)
1922 5073.7 5073.7 0.0 0.0 5073.7 0.0 0,0 5073.7 0.0 0.0
1923 7230.4 7230.4 0.0 0.0 7230.4 0.0 0.0 7230.4 0.0 0.0
1924 4623.9 4623.9 0.0 0.0 4623.9 0.0 0,0 4623.9 0.0 0.0
1925 4149.3 4149.3 0.0 0.0 4149.3 0.0 0.0 4149.3 0.0 0.0
1926 4825.3 4825.3 0.0 0.0 4825.3 0.0 0.0 4825.3 0.0 0.0
1927 4337.7 4337.7 0.0 0.0 4337.7 0.0 0,0 4337.7 0.0 0.0
1928 6814.5 6814.5 0.0 0.0 6814.5 0.0 0.0 6814.5 0.0 0.0
1929 6031.5 6031.5 0.0 0.0 6031.5 0.0 0,0 6031.5 0.0 0.0
1930 6378.9 6378.9 0.0 0.0 6378.9 0.0 0.0 6378.9 0o0 0.0
1931 3717.8 3717.8 0.0 0.0 3717.8 0.0 0.0 3717.8 0.0 0.0
1932 5497.4 5497,4 0.0 0.0 5497.4 0.0 0.0 5497.4 0.0 0.0
1933 3732.7 3732.7 0.0 0.0 3732.7 0.0 0,0 3732.7 0.0 0.0
1934 6011.0 6011.0 0.0 0.0 6011.0 0.0 0.0 6011.0 0.0 0.0
1935 5404.9 5404.9 0.0 0.0 5404.9 0.0 0.0 5404.9 0.0 0.0
1936 4630.7 4630.7 0.0 0.0 4630.7 0.0 0.0 4630.7 0,0 0.0
1937 5198.4 5198.4 0.0 0.0 5198.4 0.0 0.0 5198.4 0.0 0.0
1938 4432.1 4432.1 0,0 0.9 4432.1 0.0 0.0 4432.1 0.0 0.0
1939 11841.2 11841.2 0.0 0.0 11841.2 0.0 0.0 11841.2 0.0 0.0
1940 4759.0 4759.0 0.0 0.0 4759.0 0.0 0.0 4759.0 0.0 0.0
1941 4971.5 4971,5 0.0 0.0 4971.5 0.0 0.0 4971.5 0.0 0.0
1942 12069.6 12069.6 0.0 0.0 12069.6 0,0 0.0 12069.6 0o0 0.0
1943 11810.5 11810.5 0.0 0.0 11810.5 0.0 0.0i 11810.5 0.0 0.0
1944 6941.4 6941.4 0.0 0,0 6941.4 0.0 0.0 6941.4 0.0 0.0
1945 4409.9 4409.9 0.0 0.0 4409.9 0,0 0.0 4409.9 0.0 0.0
1946 6206.8 6206.8 0.0 0.0 6206.8 0.0 0.0 6206.8 0.0 0.0
1947 5045.5 5045.5 0.0 0.0 5045.5 0.0 0.0 5045.5 0,0 0.0
1948 4486.1 4486.1 0.0 0,0 4486.1 0.0 0.0 4486.1 0.0 0.0
1949 6305.7 6305.7 0.0 0.0 6305.7 0.0 0.0 6305.7 0.0 0.0
1950 5203.5 5203.5 0.0 0.0 5203.5 0.0 0.0 5203.5 0.0 0.0
1951 7273.4 7273.4 0.0 0.0 7273.4 0.0 0.0 7273.4 0.0 0.0
1952 6241.7 6241.7 0.0 0.0 6241~7 0.0 0.0 6241.7 0.0 0.0
1953 8795.4 8795.4 0.0 0.0 8795.4 0.0 0.0 8795.4 0.0 0.0
1954 11845.3 11845.3 0.0 0.0 11845.3 0.0 0.0 11845.3 0.0 0.0
1955 7224.5 7224.5 0.0 0.0 7224.5 0.0 0.0 7224.5 0.0 0.0
1956 5030.4 5030.4 0.0 0.0 5030.4 0.0 0.0 5030.4 0.0 0.0
1957 10665.8 10665.8 0.0 0.0 10665.8 0.0 0.0 10665,8 0.0 0.0
1958 12095.7 12095.7 0.0 0.0 12095.7 0.0 0.0 12095.7 0.0 0.0
1959 12180,9 12180.9 0.0 0.0 12180.9 0.0 0.0 12180.9 0.0 0.0
1960 6535.9 6535.9 0.0 0.0 6535,9 0.0 0.0 6535.9 0.0 0,0
1961 5315.2 5315.2 0.0 0.0 5315.2 0.0 0.0 5315.2 0.0 0.0
1962 5291.8 5291.8 0.0 0.0 5291,6 0.0 0.0 5291.8 0.0 0.0
1963 13255.5 13255,5 0.0 0.0 13255.5 0,0 0.0 13255.5 0.0 0.0
1964 8478.9 8478.9 0.0 0.0 8478.9 0,0 0.0 8478.9 0.0 0.0
1965 4917.1 4917.1 0.0 0.0 4917.1 0.0 0.0 4917.1 0.0 0.0
1966 6563.8 6563.8 0.0 0.0 6563.8 0.0 0.0 6563.8 0.0 0.0
1967 6770.5 6770.5 0.0 0.0 6770.5 0.0 0.0 6770.5 0.0 0.0
1968 10041.3 10041.3 0.0 0.0 10041.3 0.0 0.0 10041.3 0.0 0.0
1969 5257.2 5257.2 0.0 0.0 5257.2 0.0 0.0 5257.2 0.0 0.0
1970 11553.9 11553.9 0.0 0.0 11553.9 0.0 0.0 11553.9 0.0 0.0
1971 6603.5 6603.5 0.0 0.0 6603.5 0.0 0.0 6603.5 "0.0 0,0
1972 11461.9 11461.9 0.0 0.0 11461.9 0.0 0.0 11461.9 0.0 0.0
1973 8630.2 8630.2 0.0 0.0 8630.2 0.0 0.0 8630.2 0.0 0.0
1974 9330.3 9330.3 0.0 0.0 9330.3 0.0 0.0 9330.3 0.0 0.0
1975 12246.1 12246,1 0.0 0.0 12246.1 0.0 0.0 12246.1 0.0 0.0
1976 13008.0 13008,0 0.0 0.0 13008,0 0.0 0.0 13008.0 0.0 0.0
1977 5438.8 5438,8 0,0 0.0 5438.8 0.0 0.0 5438.8 0.0 0.0
1978 4943.6 4943.6 0.0 0.0 4943.6 0.0 0.0 4943.6 0.0 0.0
1979 6706.7 6706.7 0.0 0.0 6706.7 0.0 0.0 6706.7 0.0 0.0
1980 7950.3 7950.3 0.0 0.0 7950.3 0.0 0.0 7950.3 0.0 0,0
1981 6786.2 6786,2 0.0 0.0 6786.2 0.0 0.0 6786.2 0.0 0.0
1982 4448.7 4448.7 0.0 0.0 4448.7 0.0 0.0 4448.7 0.0 0.0
1983 9638,0 9638.0 0.0 0.0 9638.0 0.0 0.0 9638.0 0.0 0.0
1984 12360.7 12360.7 0.0 0.0 12360.7 0.0 0.0 12360.7 0.0 0.0
1985 8830.1 8830.1 0.0 0.0 8830.1 0,0 0.0 8830.1 0.0 0.0
1986 5054.7 5054.7 0.0 0.0 "5054.7 0.0 0.0 5054.7 0.0 0.0
1987 4704.4 4704.4 0.0 0.0 4704.4 0.0 0.0 4704.4 0.0 0.0
1988 5046.9 5046.9 0.0 0.0 5046.9 0.0 0.0 5046.9 0.0 0.0
1989 5170.3 5170.3 0.0 0.0 5170.3 0.0 0.0 5170.3 0.0 0.0
1990 4398.5 4398.5 0.0 0.0 4398.5 0.0 0.0 4398.5 0.0 0.0
1991 5978.0 5978.0 0.0 0.0 5978.0 0.0 0.0 5978.0 0.0 0.0

Mean 7088.7 7088.7 0.0 0.0 7088.7 0.0 0.0 7088.7 0.0 0.0
Median 6224.2 6224.2 0.0 0.0 6224.2 0.0 0.0 6224.2 0.0 0.0

13255.5 13255.5 0.0 0.0 13255.5 0.0 0.0 13255.5 0.0 0.0
3717.8 3717.8 0.0 0.0 3717.8 0.0 0.0 3717.8 0.0 0.0

Pit-Base> 0 0 0 0
Pit- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0
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November Sacramento River Flow Below Red Bluff Diversion Dam
1995 H drology
Existing Project - Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Row Flow Change Difference Flow Change Difference Flow Change Differenc(
Year Icfs) Icfs) (%) Icfs) Icfs) !%) ~cfs) (cfs) (%) Icfs!1922 4675.e 4675.6 0.0 0.0 4875.6 0.0 0.0 4675.6 0.0     o.c
1923 6641.9 6641.9 0.0 0.0 6641.9 0.0 0.0 6641.9 0.0 O.C
1924 4949.6 4949.6 0.0 0.0 4949.6 0.0 0.0 4949.6 0.0
1925 5156.8 5156.8 0.0 0.0 5156.8 0.0 0.0 5156.8 0.0
1926 4675.8 4675.8 0.0 0.0 4675.8 0.0 0.0 4~675.8 0.0
1927 7152.2 7152.2 0.0 0.0 7152.2 0.0 0.0 7152.2 0.0 O.C
1928 12218.6 12218.6 0.0 0.0 12218.6 0.0 0.0 12218.6 0.0 0.~
1929 6827.9 6827.9 0.0 0.0 6827.9 0,0 0.0 6827.9 0.0 0.(~
1930 4939.9 4939.9 0.0 0.0 4939.9 0.0 0.0 4939.9 0.0 0.C
1931 4052.2 4052.2 0.0 0.0 4052.2 0.0 0.0 4052.2 0.0 0.(~
1932 5044°0 5044.0 0.0 0.0 5044.0 0.0 0.0 5044.0 0.0
1933 3678.7 3678.7 0.0 0.0 3678.7 0,0 0.0 3678.7 0.0 0.(~
1934 5208.0 5208.0 0.0 0.0 5208.0 0.0 0.0 5208.0 0.0 0.~
1935 7422.9 7422.9 0.0 0.0 7422.9 0.0 0.0 7422.9 0.0 0.(]
1936 4793.8 4793.8 0.0 0.0 4793.8 0.0 0.0 4793.8 0.0
1937 4870.8 4870,8 0.0 0.0 4570.8 0.0 0,0 4870.8 0.0 0.0
1938 10765.0 10765.0 0.0 0.0 10765.0 0.0 0.0 10765.0 0.0
1939 6705.7 6705.7 0.0 0.0 6705.7 0.0 0.0 6705.7 0.0
1940 4852.4 4852.4 0.0 0.0 4852.4 0.0 0.0 4852.4 0.0
1941 6200.0 6200.0 0.0 0.0~ 6200.0 0.0 0.0 6200,0 0.0 0.(~
1942 9718.2 9718.2 0.0 0.0 9718.2 0.0 0.0 9718.2 0o0 0.0
1943 7615.6 7615.6 0.0 0.0l 7615.6 0.0 0.0 7615.6 0.0 0.6
1944 5794.8 5794.8 0,0 0,01 5794.8 0.0 0.0 5794.8 0.0 0.0
1945 6394.5 6394.5

0.00.00.0
6394.5 0.0 0.0 6394.5 0.0 0.0

1946 11212.3 11212.3 0.0 11212.3 0.0 0,0 11212.3 0.0 0.6
1947 5350.7 5350.7 0.0 0.0 5350.7 0.0 0.0 5350.7 0.0 0.0
1948 4347.6 4347,6 0.0 0.0 4347.6 0.0 0.0 4347.6 0.0 0.0
1949 5653.9 5653.9 0.0 0.0 5653.9 0.0 0.0 5653.9 0.0 0.0
1950 4994.5 4994.5 0.0 0.0 4994.5 0.0 0.0 4994.5 0.0 0.0
1951 13931,5 13931.5 0.0 0.0 13931.5 0.0 0.0 13931.5 0.0 0.0
1952 9958.3 9958.3 0.0 0.0 9958.3 0.0 0.0 9958.3 0.0 0.0
1953 6342.6 6342.6 0.0 0.0 6342.6 0.0 0,0 6342.6 0.6 0.0
1954 9591,6 9591.6 0.0 0.0 9591.6 0.0 0.0 9591.6 0.0 0.0
1955 10245.5 10245.5 0.0 0.0 10245.5 0.0 0.0 10245.5 0.0 0.0
1956 6390.7 6390.7 0.0 0.0 6390.7 0.0 0.0 6390.7 0.0 0.0
1957 6571.5 6571,5 0.0 0.0 6571.5 0.0 0.0 6571.5 0.0 0.0
1958 10124.8 10124.8 0.0 0.0 10124.8 0.0 0.0 10124.8 0.0 0.0
1959 11953.5 11953.5 0.0 0.0 11953.5 0.0 0.0 11953.5 0.0 0.0
1960 7048.2 7048.2 0.0 0.0 7048.2 0.0 0.0 7048.2 0.0 0.0
1961 6286.7 6286.7 0.0 0.0 6286,7 0.0 0.0! 6286.7 0.0 0.0
1962 5825.5 5825.5 0.0 0.0 5825.5 0.0 0.0 5825.5 0.0 0.0
1963 7584.7 7584.7 0.0 0.0 7584.7 ’ 0.0 0.01 7584.7 0.0 0.0
1964 13371.4 13371.4 0.0 0.0 13371.4 0.0 0.0 13371,4 0.0 0.0
1965 6846.3 6846.3 0.0 0.0 6846.3 0.00.0                    1 6846.3 0.0 0.0
1966 13286.8 13286.8 0.0 0.0 13286.8 0.0 0.01 13286.8 0.0 0.0
1967 9510.6 9510.6 0.0 0.0 9510.6 0.0

0.0
9510.6 0.00.0 0,0

1968 6354,4 6354.4 0.0 0.0 6354.4 0.0 6354.4 0.0 0.0
1969 7014.0 7014.0 0.0 0,0 7014.0

0.00.00.0
7014.0 0.0 0,0

1970 6804.5 6804.5 0.0 0.0 6804.5 0.0 6804.5 0.0 0,0
1971 18232.8 18232,9 0.0 0.0 18232.8 0.00.01 16232.8 0.0 0.0
1972 7500.57500.5 0.0 0.07500.5 0.0 0.07500.5! 0,0 0,0

1974 35967.8 35967.8 0.0 0.0 35967.8 0.0 0.0 35967.8 0,0 0.0
1975 9639.9 9639.9 0.0 0.0 9639.9 0.0 O.OI 9639,9 0,0 0.0
1976 8687.3 8687.3 0.0 0.0 8687.3 0.0 0.0I 8687,3 0,0 0.0
1977 4922.8 4922.8 0.0 0.0 4922.8 0,0 14922,8 0.0 0.00,0
1978 5570.9 5570.9 0.0 0,0 5570.9 0,0 0.0! 5570.9 0.0 0.0
1979 5888.6 5888.6 0.0 0.0 5888,6 0,0 0,01 5888.6 0.0 0.0
1980 9202,8 9202,8 0.0 0.0 9202,8 0.0 0,0: 9202,8 0.0 0.0
1981 5171.8 5171.8 0,0 0.0 5171.8 0,0 0,01 5171,8 0.0 0.0
1982 21003.4 21003.4 0.0 0,0 21003,4 0,0 0,0 21003.4 0.0 0.0
1983 10846.6 10846,6 0,0 0,0 10846,6 0,0 0.01 10846.6 0.0 0.0
1984 26614.4 26614,4 0,0 0,0 26614,4 0.0 0.0 26614,4 0.0 0.0
1985 17591.4 17591.4 0,0 0,0 17591,4 0.0 0.01 17591.4 0.0 0.0
1986 5232.5 5232.5 0,0 0,0 5232.5 0.0 0.0 5232.5 0.0 0.0
1987 5170,4 5170,4 0.0 0.0 5170.4 0.0 0.0 5170.4 0.0 0.0
1988 5358,7 5358,7 0.0 0.0 5358.7 0.0 0.0 5358.7 0.0 0.0
1989 6951,4 6951.4 0.0 0.0 6951.4 0.0 0.0 6951.4 0.0 0.0
1990 3967,7 3967,7 0.0 0.0 3967.7 0.0 0.0 3967.7 0.0 0.0
1991 4770.2 4770.2 0.0 0.0 4770.2 0.0 0.0 ,, 4770.2 0.0 0.0

Mean 8401,1 8401,1 0.0 0.0 8401.1 0.0 0.0 8401.1 0.0 0.0
Median 6673,8 6673.8 0.0 0.0 6673.8 0.0 0.0 6673.8 0.0 0.0

35967.8 35967.8 0.0 0.0 35967.8 0.0 0.0 35967.8 0.0 0.0
3678.7 3678.7 0.0 0.0 3678.7 0.0 0.0 3678.7 0.0 0.0

AIt-Base> 0 0 0 0
Alt- Base > -100 70 70 70

Rei Dif < = -1.0% 0 0 0
Rel Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 0 0 0

SUBJECT TO REV/S/ON November 17, 1996
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December Sacramento River Flow Below Red Bluff Diversion Dam
1995 H drolo~y
Existin~l Project - Screen Only Project with GF No Project I No Action

Relative Absolute           Relative Absolute           Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (cfs) (cfs) !%) (cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1922 7717.7 7717.7 0.0 0.0 7717.7 0.0 0.0 7717.7 0.0 0.0
1923 11393.1 11393.1 0.0 0.0 11393.1 0.0 0.0 11393.1 0.0 0.0
1924 6965.5 6965.5 0.0 0.0 6965.5 0.0 0.0 6965.5 0.0 0.0
1925 5701.8 5701.8 0.0 0.0 5701.8 0.0 0.0 5701.8 0.0 0.0
1926 4775.0 4775.0 0,0 0.0 4775.0 0.0 0.0 4775.0 0.0 0.0
1927 18977.6 ’18977.6 0.0 0.0 18977.6 0.0 0.0 18977.6 0.0 0.0
1928 9535.3 9535.3 0.0 0.0 9535.3 0.0 0.0 9535.3 0.0 0.0
1929 6656.5 6656.5 0.0 0.0 6656.5 0.0 0.0 6656.5 0.0 0.0
1930 7697.2 7697.2 0.0 0.0’ 7697.2 0.0 0.0 7697.2 0.0 0.0
1931 4005.3 4005.3 0.0 0.0 4005.3 0.0 0.0 4005.3 0.0 0.0
1932 9937.7 9937.7 0.0 0.0 9937.7 0.0 0.0 9937.7 0.0 0,0
1933 4462.4 4462.4 0.0 0.0 4462.4 0.0 0.0 4462.4 0.0 0.0
1934 6980,4 6980.4 0.0 0.0 6980.4 0.0 0.0 6980,4 0.0 0.0
1935 4901,5 4901.5 0,0 0.0 4901.5 0.0 0.0 4901.5 0.0 0.0
1936 6325.5 6325.5 0.0 0.0 6325.5 0.0 0.0 6325.5 0.0 0.0
1937 5772.0 5772.0 0.0 0.0 5772.0 0.0 0.0 5772.0 0.0 0.0
1938 27312.7 27312.7 0.0 0.0 27312.7 0.0 0.0 27312.7 0.0 0.0
1939 8719.9 8719.9 0.0 0.0 8719.9 0.0 0.0 8719.9 0.0 0.0
1940 7312.4 7312.4 0.0 0.0 7312.4 0.0 0.0 7312.4 0.0 0.0
1941 29360.5 29360.5 0.0 0.0 29360.5 0.0 0.0 29360.5 0.0 0.0
1942 27303.2 27303.2 0.0 0.0 27303.2 0.0 0.0 27303.2 0,0 0.0
1943 11487.5 11487.5 0.0 0.0 11487.5 0.0 0.0 11487.5 0.0 0.0
1944 5543.6 5543.6 0.0 0.0 5543.6 0.0 0.0 5543.6 0.0 0.0
1945 6896.0 6896.0 0.0 0.0 6896.0 0.0 0.0 6896.0 0.0 0.0
1946 34020.3 34020.3 0.0 0.0 34020.3 0.0 0.0 34020.3 0.0 0.0
1947 7725.8 7725.8 0.0 0.0 7725.8 0.0 0.0 7725.8 0.0 0.0
1948 4201.4 4201.4 0.0 0.0 4201.4 0.0 0.0 4201.4 0.0 0,0
1949 6674.2 6674.2 0.0 0.0 6674.2 0.0 0.0 6674.2 0,0 0,0
1950 4488.0 4488.0 0.0 0.0 4488.0 0.0 0.0 4488.0 0.0 0.0
1951 22634.6! 22634.6 0.0 0.0 22634.6 0.0 0.0 22634.6 0.0 0.0
1952 26658.6 26658.6 0.0 0.0 26658.6 0.0 0.0 26658.6 0.0 0.0
1953 21416.7 21416.7 0.0 0.0 21416.7 0.0 0.0 21416,7 0.0 0.0
1954 8265.7 8265.7 0.0 0.0 8265.7 0.0 0.0 8265.7 0.0 0.0
1955 13950.( 13950.0 0.0 0.0 13950,0 0.0 0.0 13950.0 0.0 0.0
1956 43119.: 43119.2 0.0 0.0 43119,2 0.0 0.0 43119.2 0.0 0.0
1957 6212.1 6212.5 0.0 0.0 6212.5 0.0 0.0 6212.5 0,0 0.0
1958 15778.81 15778.8 0.0 0.0 15778.8 0,0 0.0 15778.8 0.0 0.0
1959 6957.’ 6957.1 0.0 0.0 6957.1 0.0 0.0 6957.1 0.0 0.01
1960 7885.5 7885.5 0,0 0,0 7885.5 0.0 0.0 7885.5 0.0 0.0
1961 14834.0 14834.0 0.0 0.0 14834.0 0.0 0.0 14834.0 0.0 0,0
1962 11553.4 11553.4 0.0 0.0 11553.4 0.0 0.0 11553.4 0.0 0.0
1963 15661.6 15661.6 0.0 0.0 15661.6 0.0 0.0 15661.6 0.0 0.0
1964 7493.3 7493.3 0.0 0.0 7493.3 0.0 0.0 7493.3 0.0 0,0
1965 27747.~ 27747.4 0.0 0.0 27747.4 0.0 0.0 27747.4 0.0 0.0
1966 8935.3 ~ 8935.3 0.0 0.0 8935.3 0.0 0.0 8935.3 0.0 0,0
1967 18732.7i 18732.7 0.0 0.0 18732.7 0.0 0.0 18732.7 0.0 0.0
1968 8347.4] 8347.4 0.0 0.0 8347.4 0.0 0.0 8347.4 0.0
1969 17188.71 17188.7 0.0 0.0 17188.7 0.0 0.0 17188.7 0.0 0,0
1970 23313.9,1 23313.9 0.0 0.0 23313.9 0,0 0.0 23313.9 0.0 0,0
1971 27075.7 27075.7 0.0 0.0 27075.7 0.0 0.0 27075.7 0,0 0,0!
1972 9737.9 9737.9 0.0 0.0 9737.9 0.0 0.0 9737,9 0,0 0.0
1973 14449.5 14449.5 0.0 0,0 14449.5 0.0 0.0 14449.5 0,0 0.0
1974 33069.11 33069.1 0.0 0.0 33069.1 0.0 0.0 33069.1 0,0 0.0
1975 9779.51 9779.5 0.0 0.0 9779.5 0.0 0,0 9779.5 0,0
1976 7663.11 7663.1 0.0 0.0 7663.1 0.0 0.0 7663,1 0,0 0.0
1977 5794.4: 5794.4 0.0 0.0 5794.4 0.0 0,0 5794.4 0.0 0.0
1978 8580.6 8580.6 0.0 0.0 8580.6 0.0 0.0 8580,6 0.0 0.0
1979 6020.91 5020.9 0.0 0.0 5020,9 0.0 0,0 5020,9 0.0 0.0
1980 12151.4! 12151.4 0,0 0.0 12151.4 0.0 0,0 12151,4 0.0 0.0
1981 8990.8 8990.8 0.0 0,0 8990,8 0,0 0,0 8990,8 0.0 0.0
1982 35561.4 35561,4 0,0 0.0 35561.4 0,0 0,0 35561,4 0.0 0.0
1983 20589.6 20589.6 0,0 0,0 20589,6 0,0 0.0 20589.6 0.0 0.0
1984 45938,3 45938.3 0,0 0,0 45938,3 0,0 0,0 45938.3 0.0 0.0
1985 12061.’ 12061,1 0,0 0,0 12061,1 0,0 0.0 12061.1 0.0 0.0
1986 6112.1 6112.1 0,0 0,0 6112.1 0,0 0.0 6112.1 0.0 0.0
1987 6062.1 6062,1 0.0 0.0 6062.1 0.0 0.0 6062.1 0.0 0.0
1988 8510.2 8510,2 0,0 0,0 8510,2 0.0 0.0 8510.2 0.0 0.0
1989 4859,2 4859,2 0,0 0.0 4859.2 0.0 0.0 4859.2 0.0 0.0
1990 4137,2 4137,2 0.0 0.0 4137.2 0.0 0,0 4137.2 0.0 0.0
1991 4944,7 4944,7 0.0 0.0 4944.7 0.0 0.0 4944.7 0.0 0.0

Mean 13151,8 13151,8 0.0 0.0 13151.8 0.0 0.0 13151.8 0.0 0.0
Median 8650,2 8650,2 0.0 0.0 8650.2 0.0 0.0 8650.2 0.0 0.0

45938,3 45938.3 0,0 0.0 45938,3 0.0 0.0 45938.3 0.0 0.0
4005,3 4005.3 0.0 0,0 4005.3 0,0 0.0 4005.3 0.0 0.0

Air-Base> 0 0 0 0
AIt- Base > -100 70 70 70

Rel Dif < = -1.0% 0 0 0
Re! Dif < = -2.0% 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5,0% 0 0 0

SUBJECT TO REVISION November 17, 1996
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January Sacramento River Flow Below Red Bluff Diversion Dam
2020 drology
Existin~l Prolect - Screen Only Proiect with GF No Pro~ect / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year Icfs) (cfs) (%)     (cfs) (cfs) (%)     (cfs) (cfs) ~%)     (cfs)
1922 5176.6 5693.1 10.0 516,5 5693.1 10.0 516.5 5693,1 10.0 516.5
1923 7506.3 7538.9 0.4 32.6 7538.9 0.4 32.( 7538.9 0.4 32,6
1924 4524,4 4638.5 2.5 114.0 4638.5 2.5 114.( 4638.5 2.5 114.0
1925 5341.2 5371.9 0.6 30.7 5371.9 0.6 30.7 5371.9 0.6 30.7
1926 6412.3 6808.2 6.2 395,9 6808.2 6.2 395.! 6808.2 6.2 395.9
1927 15984.0 14635.6 -8.4 -1348.4 14635.6 -8.4 -1348J 14635.6 -8.4 -1348.4
1928 7906.9 9708.8 22.8 1801.9 9708.8 22,8 1801.~ 9708.8 22.8 1801.9
1929 5070.4 4767.4 -6.0 -303.0 4767.4 -6.0 -303.( 4767.4 -6.0 -303.0
1930 7299.1 7330.1 0.4 31.0 7330.1 0.4 31.0 7330.1 0.4 31.0
1931 6572.3 6782.1 3.2 209.8 6782.1 3.2 209.1 6782.1 3.2 209.8
1932 6514.2 6544.9 0.5 30.7 6544.9 0.5 30.7 6544.9 0.5 30.7
1933 6230.6 6373.5 2.3 142,8 6373.5 2.3 142.! 6373.5 2.3 142.8
1934 7222.6 7255.1 0.5 32.6 7255.1 0.5 32.E 7255.1 0.5 32.6
1935 11254.2 11282.1 0.2 27.9 11282.1 0.2 27..~ 11282.1 0.2 27.9
1936 14228.2 14676.2 3.1 448.0 14676.2 3.1 448.( 14676,2 3.1 448.0
1937 5162.6 5376.0 4.1 213.4 5376.0 4.1 213.~ 5376.0 4.1 213.4
1938 14210.0 11256.3 -20.8 -2953.7 11256.3 -20.8 -2953.7 11256.3 -20.8 -2953.7
1939 4816.8 4914.6 2.0 97.8 4914.6 2.0 97.8 4914.6 2.0 97.8
1940 14604.6 13840.3 -5.2 -764.4 13840.3 -5.2 -764.~ 13840.3 -5,2 -764.4
1941 40993.2 41276.7 0.7 283.5 41276.7 0.7 283..= 41276.7 0.7 283.5
1942 29085.0 29117.5 0.1 32.6 29117.5 0.1 32.( 29117.5 0.1 32.6
1943 23277.9 24582.9 5.6 1305.0 24582.9 5.6 1305.0 24582.9 5.6 1305.0
1944 5585.2 5764,4 3.2 179.2 5764.4 3.2 179.; 5764.4 3.2 179.2
1945 4740.2 5285.1 11.5 544.8 5285,1 11.5 544,8 5285.1 11.5 544.8
1946 18477.9 14893.7 -19.4 -3584.2 14893.7 -19.4 -3584.; 14893.7 -19.4 -3584.2
1947 5266.2 4226.8 -19.7 -1039.4 4226.8 -19.7 -1039.’~ 4226.8 -19.7 -1039.4
1948 10062.9 10444.8 3.8 381.9 10444.8 3.8 381.9 10444.8 3.8 381.9
1949 4909.4 4925.7 0.3 16.3 4925.7 0,3 16,3 4925.7 0,3 16.3
1950 7783.0 9079.9 16.7 1296.8 9079.9 16.7 1296.8 9079.9 16.7 1296,8
1951 19516.8 16318.7 -16.4 -3198.1 16318,7 -16.4 -3198.1 16318.7 -16.4 -3198.1
1952 22204.9 19479.3 -12.3 -2725.6 19479,3 -12.3 -2725.6 19479.3 -12.3 -2725.6
1953 42414.7 45073.6 6.3 2658.8 45073.6 6.3 2658.8 45073.6 6.3 2658.8
1954 19369.7 21445.3 10.7 2075.6 21445.3 10.7 2075.6 21445.3 10.7 2075.6
1955 6690.5 9230.4 38,0 2539.9 9230.4 38.0 2539.9 9230.4 38.0 2539,9
1956 52570.1 52603.7 0,1 33.5 52603.7 0.1 33.5 52603.7 0.1 33.5
1957 6088.3 6417.4 5.4 329: 6417.4 5.4 329,1 6417.4 5.4 329.1
1958 20232.8 21694.2 7.2 1461.4 21694.2 7.2 1461.4 21694.2 7.2 1461.4
1959 16711.6 15756.9 -5,7 -954.7 15756.9 -5.7 -954.7 15756.9 -5.7 -954.7
1960 6004.2 5942.3 -1.0 -61.9 5942.3 -1.0 -61.9 5942.3 -1.0 -61.9
1961 5730.5 8522.5 48.7 2792.0 8522.5 48.7 2792.0 8522.5 48.7 2792.01
1962 5599.7 7481.4 33.6 1881.7 7481.4 33.6 1881.7 7481,4 33.6 1881.7
1963 5844,6 8633.8 47.7 2789.2 8633.8 47.7 2789.2 8633.8 47.7 2789.2
1964 10395.3 9536.7 -8.3 -858.6 9536.7 -8.3 -858.6 9536.7 -8.3 -858.6
1965 32765.2 32795.9 0.1 30,7 32795.9 0.1 30.7 32795.9 0.1 30,7
1966 14594.5 12183.3 -16.5 -2411.2 12183.3 -16.5 -2411.2 12183.3 -16.5 -2411.2
1967 21672.2 19989.3 -7.8 -1683.0 19989.3 -7.8 -1683.0 19989.3 -7.8 -1683.0
1968 9049.1 9534.6 5.4 485.5 9534.6 5.4 485.5 9534.6 5.4 485.5
1969 38876.0 39552.1 1.7 676,1 39552.1 1.7 676.1 39552.1 1.7 676.1
1970 78708.7 78741.3 0.0 32.6 78741.3 0.0 32.6 78741.3 0.0 32.6
1971 24428.8 24461.4 0,1 32.6 24461.4 0.1 32.6 24461.4 0.1 32.6
1972 8532.7 8684.3 1,8 151.5 8684.3 1.8 151.5 8684.3 1.8 151.5
1973 23992.2 27218.0 13.4 3225.8 27218.0 13.4 3225.8 27218.0 13.4 3225.8
1974 58415.2 58447.8 0.1 32.6 58447.8 0.1 32.6 58447.8 0.1 32.6
1975 5734.3 7666.5 33.7 1932.2 7666.5 33.7 1932.2 7666.5 33.7 1932.2
1976 5971.3 4514,8 -24.4 -1456.5 4514.8 -24.4 -1456.5 4514.8 -24.4 -1456.5
1977 7211.7 6354.1 -11.9 -857.6 6354.1 -11.9 -857.6 6354.1 -11.9 -857.6
1978 21939.4 25576.6 16.6 3637.2 25576.6 16.6 3637.2 25576.6 16.6 3637.2
1979 7087.6 7331.9 3.4 244.4 7331.9 3.4 244.4 7331.9 3.4 244.4
1980 24364.8 25668.2 5.3 1303.4 25668.2 5.3 1303.4 25668,2 5.3 1303.4
1981 10813.2 11539.8 6.7 726.6 11539.8 6.7 726.6 11539.8 6.7 726.6
1982 19610.1 16123.7 -17.8 -3486.5 16123.7 -17.8 -3486.5 16123.7 -17.8 -3486.5
1983 32056.7 31965.5 -0.3 -91.2 31965.5 -0.3 -91.2 31965.5 -0.3 -91.2
1984 16486.6 12625.4 -23.4 -3861.2 12625,4 -23.4 -3861.2 12625.4 -23,4 -3861.2
1985 4858.9 7056.7 45.2 2197.8 7056.7 45.2 2197.6 7056.7 45.2 2197.8
1986 10180.0 9701.7 -4.7 -478.3 9701.7 -4.7 -478.3 9701.7 -4.7 -478.3
1987 6715.3 6804.9 1.3 89.6 6804.9 1.3 89.6 6804.9 1.3 89.6
1988 10115.0 10148.5 0.3 33.5 10148.5 0.3 33.5 10148,5 0.3 33.5
1989 5867.1 5899.6 0.6 32,6 5899.6 0.6 32,6 5899.6 0.6 32,6
1990 7144.7 7368.8 3.1 224.2 7368.8 3.1 224.2 7368.8 3.1 224.2
1991 5539.3 5174.8 -6.6 -364.5 5174.8 -6,6 -364.5 5174.8 -6,6 -364.5

Mean 15118.9 15223.7 2.9 104.8 15223,7 2.9 104.6 15223.7 2.9 104.8
Median 8790.9 9535.7 0.6 61.6 9535.7 0.6 61.6 9535.7 0.6 61.6

78708,7 78741.3 48.7 3637.2 78741.3 48.7 3637.2 78741.3 48.7 3637.2
4524.4 4226.8 -24.4 -3861.2 4226.8 -24.4 -3861.2 4226.8 -24.4 -3861.2

~t- Base > 0 50 50 50
AIt- Base > -100 52 52 52
<RelDif<= -1,0% 1 1 1

Rel Dif < = -2.0% 1 1 1
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 1 1 1

SUBJECT TO REVISION November 17, 1996

C--086061
C-086061



February Sacramento River Flow Below Red Bluff Diversion ,Dam
2020 H drolo~ly
Existing Project - Screen Only Pro, iect with GF No ProJect / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (cfs) Icfs) !%) (cfs) (cfs) (%) fcfs) (cfs) !%) (cfs)
1922 10574.6 10688.3 1.1 113.6 10688.3 1.1 113.1 10688.3 1.1 113.6
1923 8843.0 5361.8 -39.4 -3481.2 5361.8 -39.4 -3481.; 5361.8 -39.4 -3481.2
1924 6227.1 6371.4 2.3 144.3 6371.4 2.3 144.: 6371.4 2.3 144.3
1925 21900.3 21952.7 0.2 52.4 21952.7 0.2 52.4 21952.7 0.2 52.4
1926 17574.6 17765.8 1.1 191,2 17765,8 1.1 191.; 17765.8 1,1 191,2
1927 45003,3 49888.8 10.9 4885.4 49888.8 10.9 4885J 49888.8 10.9 4885.4
1928 12260.9 12930.1 5.5 669.2 12930.1 5.5 669.; 12930.1 5.5 669.2
1929 7903.0 7886.8 -0.2 -16.2 7886.8 -0.2 -16.; 7886.8 -0.2 -16.2
1930 8416.5 8470.6 ¯ 0.6 54.1 8470.6 0.6 54.1 8470.6 0.6 54,1
1931 5209.2 5261.5 1.0 52.3 5261.5 1.0 52.3 5261.5 1.0 52.3
1932 5089.3 5105.7 0.3 16.3 5105,7 0.3 16.3 5105.7 0.3 16.3
1933 5065.3 5098.0 0.6 32.7 5098.0 0.6 32.7 5098.0 0.6 32.7
1934 7277.9 7332.0 0.7 54.1 7332.0 0.7 54.’ 7332.0 0.7 54.1
1935 7072.6 7122.5 0.7 49.9 7122.5 0.7 49.9 7122.5 0.7 49.9
1936 13614.1 13978.4 2.7 364.4 13978.4 2.7 364.~ 13978.4 2.7 364.4
1937 10489.0 10618.9 1.2 129.9 10618.9 1.2 129.9 10618.9 1.2 129.9
1938 44674.1 48310.5 8.1 3636.4 48310~5 8.1 3636.4 48310.5 8.1 3636.4
1939 4914.8 4950.9 0.7 36.1 4950.9 0.7 36.1 4950.9 0.7 36.1
1940 43789.6 47651.5 8.8 3861.9 47651.5 8.6 3861.9 47651.5 8.8 3861.9
1941 40526.6 40580.7 0.1 54.1 40580.7 0.1 54.1 40580.7 0.1 54.1
1942 45476.0 45530.1 0.1 54.1 45530.1 0.1 54.1 45530.1 0.1 54.1
1943 12976.9 14367.6 10.7 1390.7 14367.6 10.7 1390.7 14367.6 10.7 1390.7
1944 6826.1 6900.1 1.1 74.0 6900.1 1.1 74.0 6900.1 1.1 74.0
1945 17702.6 14750.8 -16.7 -2951.8 14750.8 -16.7 -2951.8 14750.8 -16.7 -2951.8
1946 6856.1 8154.8 18.9 1298.7 8154.8 18.9 1298.7 8154.8 18.9 1298.7
1947 7176.4 6426.0 -10.5 -750.4 6426.0 -10.5 -750.~ 6426.0 -10.5 -750.4
1948 6741.8 4490.1 -33.4 -2251.7 4490.1 -33.4 -2251.7 4490.1 -33.4 -2251.7
1949 5786.7 5912.9 2.2 126.3 5912.9 2.2 126.3 5912.9 2.2 126.3
1950 9787.9 10536.5 7.6 748.6 10536.5 7.6 748.6 10536.5 7.6 748,6
1951 21328.6 24957.7 17.0 3629.1 24957.7 17.0 3629.1 24957.7 17.0 3629,1
1952 26595.5 29701.6 11.7 3106.1 29701.6 11.7 3106.1 29701.6 11.7 3106.1
1953 6155.1 6173.1 0.3 18.0 6173.1 0.3 18.0 6173.1 0.3 18.0
1954 26952.3 27967.8 3.8 1015.5 27967.8 3.8 1015.5 27967.8 3.8 1015.5
1955 5824.2 6159.7 5.8 335.5 6159.7 5.8 335.5 6159.7 5.8 335.5
1956 33314.4 33369.4 0.2 55.0 33369.4 0.2 55.0 33369.4 0.2 55.0
1957 13272.4 13232.8 -0.3 -39.7 13232.8 -0.3 -39.7 13232.8 -0.3 -39.7
1958 86288.2 87884.5 1.8 1596.3 87884.5 1.8 1596.3 87884.5 1.8 1596.3
1959 18600.5 21506.3 15.6 2905.8 21506.3 15.6 2905.8 21506.3 15.6 2905.8
1960 12387.4 12443.3 0.5 55.9 12443.3 0.5 55.9 12443.3 0.5 55.9
1961 17253.9 15806.3 -8.4 -1447.7 15806.3 -8.4 -1447.7 15806.3 -8.4 -1447.7
1962 27246.3 28965.2 6.3 1719.( 28965.2 6.3 1719.0 28965.2 6.3 1719.0
1963 17690.4 15682.9 -11.3 -2007.6 15682.9 -11.3 -2007.6 15682.9 -11.3 -2007.6
1964 4856.0 4874.0 0.4 18.0 4874.0 0.4 18.0 4874.0 0,4 18,0
1965 7323.1 7357.5 0.5 34.4 7357.5 0.5 34.4 7357.5 0.5 34.4
1966 10556.2 12195.8 15.5 1639.6 12195.8 15.5 1639.6 12195.8 15,5 1639.6
1967 13632.0 13383.1 -1.8 -248.9 13383.1 -1.8 -248.9 13383.1 -1,8 -248.9
1968 26168.6 26222.7 0.2 54.1 26222.7 0.2 54.1 26222.7 0.2 54.1
1969 38774.0 38828.1 0.1 54.1 38828.1 0.1 54.1 38828.1 0.1 54.1
1970 22474.0 22528.1 0.2 54.1 22528.1 0.2 54.1 22528.1 0.2 54.1
1971 9241.6 9045.0 -2.1 -196.6 9045.0 -2.1 -196.6 9045.0 -2.1 -196.6
1972 7183.6 9294.0 29.4 2110.4 9294.0 29.4 2110.~ 9294.0 29.4 2110.4
1973 30839.8 30893.9 0.2 54.1 30893.9 0.2 54.1 30893.9 0.2 54.1
1974 12012.0 12066.1 0.5 54.1 12066.1 0.5 54.1 12066.1 0.5 54.1
1975 18930.4 17397.2 -8.1 -1533.2 17397.2 -8.1 -1533.2 17397.2 -8.1 -1533.2
1976 7016.0 6417.2 -8.5 -598.8 6417.2 -8.5 -598.8 6417.2 -8.5 -598.8
1977 8518.5 8736.1 2.6 217.6 8736.1 2.6 217.6 8736.1 2.6 217.6
1978 23458.7 23507.5 0.2 49.0 23507.8 0.2 49.0 23507.8 0.2 49.0
1979 10427.0 10481.1 0.5 54.1 10481.1 0.5 54.1 10481.1 0.5 54.1
1980 46337.2 46391.3 0.1 54.1 46391.3 0.1 54.1 46391.3 0.1 54.1
1981 9984.4 9879.8 -1.0 -104.6 9879.8 -1.0 -104.6 9879.8 -1.0 -104.6
1982 29740.3 33688.7 13.3 3948.4 33688.7 13.3 3948.4 33688.7 13.3 3948.4
1983 58228.7 58282.8 0.1 54.1 58282.8 0.1 54.1 58282.8 0.1 54.1
1984 8919.5 10023.4 12.4 1103.9 10023.4 12.4 1103.9 10023.4 12.4 1103.9
1985 5717.1 7317.1 28.0 1599.9 7317.1 28.0 1599.9 7317.1 28.0 1599.9
1986 69908.5 69961.8 0.1 53.2 69961.8 0.1 53.2 69961.8 0.1 53.2
1987 7745.5 7691.4 -0.7 -54.1 7691.4 -0.7 -54.1 7691.4 -0.7 -54.1
1988 6694.7 5869.4 -12.3 -825.3 5869.4 -12.3 -825.3 5869.4 -12.3 -825.3
1989 4725.9 4572.6 -3.2 -153.3 4572.6 -3.2 -153.3 4572.6 -3.2 -153.3
1990 5004.0 5036.5 0.7 32.6 5036.5 0.7 32.6 5036.5 0.7 32.6
1991 7445.9 7378.2 -0.9 -67.6 7378.2 -0.9 -67.6 7378.2 -0.9 -67.6

Mean 18150.4 18536.7 1.4 386.3 18536.7 1.4 386.3 18536.7 1.4 386.3
Median 10565.4 11377.2 0.5 54.~ 11377.2 0.5 54.1 11377.2 0.5 54.1

86288.2 87884.5 29.4 4885.4 87884.5 29.4 4885.4 87884.5 29.4 4885.4
4725.9 4490.1 -39.4 -3481.2 4490.1 -39.4 -3481.2 4490.1 -39.4 -3481.2

AIt- Base > 0 53 531 53
AIt- Base > -100 57 57 57

Rel Dif < = -1.0% 4 4 4
Re! Dif < = -2.0% 2 2 2
Rel Dif < = -3.0% 1 1 1
Re! Dif < = -5.0% 1 1 1
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Sacramento River Flow Below Red Bluff Diversion Dam
2020 H’ Jrology
Existin~l Project - Screen Only Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (cfs) (cfs) (%) (cfs) (cfs) (%) (cfs) (cfs) (%) (cfs)
1922 7371.9 7454.9 1.1 83.1 7454.9 1.1 83.t 7454.9 1.1 83.1
1923 4053.5 4032.3 -0,5 -21.2 4032.3 -0.5 -21.2 4032.3 -0.5 -21.2
1924 4280.9 4044.9 -5.5 -235.9 4044.9 -5.5 -235.9 4044.9 -5.5 -235.9
1925 7108.2 7189.6 1.1 81,5 7189.6 1.1 81.5 7189.6 1.1 81.5
1926 5012.2 5009.6 -0.1 -2.6 5009.6 -0.1 -2.6 5009.6 -0.1 -2.6
1927 11695.5 11778.6 0.7 83.1 11778.6 0.7 83.t 11778.6 0.7 83.1
1928 23891.5 24189.7 1.2 298.1 24189.7 1.2 298.1 24189.7 1.2 298.1
1929 4477.2 4540.8 1.4 63.5 4540.8 1.4 63.5 4540.8 1.4 63.5
1930 9639.5 9720.1 0.8 80.5 9720.1 0.8 80.5 9720.1 0.8 80.5
1931 5265.2 4990.8 -5.2 -274.4 4990.8 -5.2 -274.4 4990.8 -5.2 -274.4
1932 4938.2 4936.7 -0.0 -1.6 4936.7 -0.0 -1.6 4936.7 -0.0 -1.6
1933 7404.0 7505.0 1.4 101.0 7505.0 1.4 101.0 7505.0 1,4 101.0
1934 5371.1 5414.9 0.8 43.9 5414.9 0.8 43.9 5414.9 0,8 43.9
193,,5 8476.9 8558,4 1.0 81.5 8558.4 1.0 81.5 8558.4 1.0 81.5
1936 6180.21 6229.1 0.8 48.9 6229.1 0.8 48.9 6229,1 0.8 48.9
1937 12110.71 12192.2 0.7 81.5 12192.2 0.7 81.5 12192.2 0.7 81.5
1938 55207.4; 55288.8 0.1 81.5 55288.8 0.1 81.5 55288.8 0.1 81.5
1939 5106.1 4868.2 -4.7 -237.8 4868.2 -4.7 -237.8 4868.2 -4.7 -237.8
1940 33092.8 33674.4 1.8 581.6 33674.4 1.8 581.6 33674.4 1.8 581.6
1941 26892.7 26974.2 0.3 81,5 26974.2 0.3 81.5 26974.2 0.3 81.5
1942 6098.1 6147.0 0.8 48.9 6147.0 0.8 48.9 6147.0 0.8 48.9
1943 18678.0 19541,5 4.6 863.5 19541.5 4.6 863.5 19541.5 4.6 863.5
1944 5806.1 5819.6 0.2 13.4 58i9,6 0.2 13.4 5819.6 0,2 13.4
1945 7483.5 7960.9 6.4 477.4 7960.9 6.4 477.4 7960.9 6.4 477.4
1946 5452.8i 5535.9 1.5 83,1 5535.9 1.5 83.1 5535.9 1.5 83.1
1947 7290.1 7371.2 1.1 81.0 7371,2 1.1 81.0 7371.2 1.1 81.0
1948 7731.8 7829.5 1.3 97.8 7829.5 1,3 97,8 7829.5 1.3 97.8
1949 20004.2 20087.3 0.4 83.1 20087.3 0.4 83.1 20087.3 0.4 83.1
1950 6989.9 7071.4 1,2 81.5 7071.4 1.2 81,5 7071.4 1.2 81.5
1951 7967.0 8035.4 0.9 68.4 8035.4 0.9 68.4 8035.4 0.9 68.4
1952 20911.7 20993.1 0.4 81.5 20993.1 0.4 81.5 20993.1 0.4 81.5
1953 7419.2 7503.9 1.1 84.7 7503.9 1.1 84.7 7503.9 1.1 84.7
1954 18399.0 18480.5 0.4 81.5 18480.5 0.4 81.5 18480.5 0.4 81.5
1955 4443.0 4424.3 -0.4 -18.7 4424.3 -0.4 -18.7 4424.3 -0.4 -18.7
1956 8760.9 8725.1 -0.4 -35.8 8725.1 -0.4 -35.8 8725.1 -0.4 -35.8
1957 17347.0 17428.5 0.5 81.5 17428.5 0.5 81.5 17428.5 0.5 81.5
1958 33017.0 33098.5 0.2 81.5 33098.5 0.2 81.5 33098.5 0.2 81.5
1959 7127.5 7733.5 8.5 606.1 7733.5 6.5 606.1 7733.5 6.5 606.1
1960 9887.1 8267.3 -16.4 -1619.7 8267.3 -16.4 -1619.7 8267.3 -16.4 -1619.7
1961 10369.1 12306.2 18.7 1937.1 12306.2 18.7 1937.1 12306.2 18.7 1937.1
1962 12207.0 12914.1 5.8 707.1 12914.1 5.8 707.t 12914.1 5.8 707.1
1963 9113.5 11539.4 26.6 2425.9 11539.4 26.6 2425.9 11539.4 26.6 2425.9
1964 4454.0 4468.2 0.3 14.2 4468.2 0.3 14.2 4468.2 0.3 14.2
1965 5351.0 5401.5 0.9 50,5 5401.5 0.9 50.5 5401,5 0.9 50.5
1966 13495.6 17404.0 29.0 3908.4 17404.0 29.0 3908.4 17404.0 29.0 3908.4
1967 19217.5 21285.0 10,8 2067.4 21285.0 10,8 2067.4! 21285.0 10.8 2067.4
1968 8911.0 8994.0 0.9 83.1 8994.0 0.9 83.1 8994.0 0.9 83.1
1969 14470.0 14518.9 0.3 48.9 14518.9 0.3 48.9; 14518.9 0.3 48.9
1970 8906.3 8971.5 0.7 65.2 8971.5 0.7 65.2 8971.5 0.7 65.2
1971 24493.8 24788.7 1.2 294.9 24788.7 1.2 294.9 24788.7 1.2 294.9
1972 13760,9 13831.0 0.5 70.1 13831.0 0.5 70.1 13831.0 0.5 70.1
1973 16162.6 16244.1 0.5 81.5 16244,1 0.5 81.5 16244.1 0.5 81.5
1974 49187.6 49269.1 0.2 81.51 49269.1 0.2 81.5 49269.1 0.2 81.5
1975 39000.6 41361.3 6.1 2360.71 41361.3 6.1 2360.7 41361.3 6.1 2360.7
1976 5746.5 5811.0 1.1 64.5 5811.0 1.1 64.5 5811.0 1,1 64.5
1977 8000.0 8828.2 10.4 828.2 8828.2 10.4 828.2 8828.2 10.4 828.2
1978 29715.2 29796.7 0.3 81.5 29796.7 0.3 81.5 29796.7 0.3 81.5
1979 7698,9 7780.3 1.1 81.5 7780.3 1.1 81.5 7780,3 1,1 81.5
1980 10776;4 10841.6 0.6 65.2 10841.6 0.6 65.2 10841.6 0.6 65.2
1981 13754.3 13979,1 1.6 224.8 13979.1 1.6 224.8 13979.1 1.6 224.81
1982 22019.8 22101.3 0.4 81.5 22101.3 0.4 81.5 22101.3 0.4 81.5
1983 76997.1 77078.5 0.1 81.5 77078.5 0.1 81.5 77078.5 0.1 81,5
1984 11082.6 10000.8 -9.8 -1081,8 10000.8 -9.8 -1081.8 10000.8 -9.8 -1081.8
1985 5504.5 5585,5 1.5 81.0 5585.5 1.5 81.0 5585.5 1,5 81.0
1986 35059.4 35140.8 0,2 81.5 35140.8 0.2 81.5 35140.8 0.2 81.5
1987 10204.0 9572.3 -6.2 -631.7 9572.3 -6.2 -631.7 9572.3 -6.2 -631.7
1988 7149.1 8965.7 25.4 1816.6 8965.7 25.4 1816.6 8965.7 25.4 1816.6
1989 13907.8 14578.9 4.8 671.1 14578.9 4.8 671.1 14578.9 4.8 671.1
1990 5588.5 5641.2 0.9 52.6 5641.2 0.9 52.6 5641.2 0.9 52.6
1991 9034.3 9290.6 2.8 256.4 9290.6 2.8 256.4 9290.6 2,8 256;,4,.

Mean 14139.0 14413.4 2.1 274.4 14413.4 2.1 274.4 14413.4 2.1 274.4
Median 8972.6 8982.7 0.8 81.5 8982.7 0.8 81.5 8982.7 0.8 81.5
Max 76997.1 77078.5 29.0 3908.4 77078.5 29.0 3908.4 77078.5 29.0 3908.4

4053,5 4032.3 -16.4 -1619.7 4032.3 -16.4 -1619.7 4032.3 -16.4 -1619.7
A]t- Base > 0 59 59 59
Alt- Base > -100 64 64 64

Rel Dif < = -1.0% 5 5 5
Rel Dif < = -2.0% i 0 0 0
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5.0% 1 1 1
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Sacramento River Flow Below Red Bluff Diversion Dam
2020 H’ lrology
! Exlstin~ Project - Screen Only ProJect with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (cfs) (cfs) (%)    (cfs) (cfs) (%)    (cfs) (cfs) (%)    Icfs)
1922 11644.6 10171.5 -12.7 -1473.1 10171.5 -12.7 -1473.1 10171.5 -12.7 -1473.1
1923 7047.6 7184.0 1.9 136.4 7184.0 1.9 136.4 7184.0 1.9 136.4
1924 5569.7 6045.8 8.5 476.1 6045.8 8.5 476.1 6045.8 8.5 476.1
1925 8169.1 8224.6 0.7 55.6 8224.6 0.7 55.6 8224.6 0.7 55.6
1926 6686.5 6963.8 1.4 97.3 6963.6 1.4 97.3 6963.8 1.4 97.3
1927 18144.6 18700.2 3.1 555.6 18700,2 3.1 555.6 18700.2 3.1 555,6
1928 10869.0 10872.3 0.0 3.4 10872.3 0.0 3.4 10872.3 0.0 3.4
1929 7050.4 6629.6 -6.0 -420,9 6629.6 -6.0 , -420.9 6629.6 -6.0 -420.9
1930 4855.2 4788.3 -1.4 -66.9 4788.3 -1.4 -66.9 4766.3 -1.4 -66.9
1931 8228.8 8215.1 -0.2 -13.7 8215.1 -0.2 -13.7 8215.1 -0.2 -13.7
1932 6881.4 6557.7 -4.7 -323.6 6557.7 -4.7 -323.6 6557.7 -4.7, -323.6
1933 7116.2 7858.6 10.4 742.4 7858.6 10.4 742.4 7858,6 10.4 742,4
1934 6737.0 5591.4 -17.0 -1145.6 5591.4 -17.0 -1145.6 5591.4 -17.0 -1145.6
1935 12759.5 12894.2 1.1 134.7 12894.2 1.1 134.7 12894.2 1.1 134.7
1936 5337.6 5322.4 -0.3 -15.1 5322.4 -0.3 -15.1 5322.4 -0.3 -15.1
1937 5917.0 5964.2 0.8 47.1 5964.2 0.8 47.1 5964.2 0.8 47.1
1938 19304.4 19344.8 0.2 40.4 19344.8 0.2 40.4 19344.8 0.2 40.4
1939 8881.5 9309.7 4.8 428.: 9309.7 4.8 428.21 9309.7 4.8 428.2
1940 9591.7 9611.9 0.2 20.2 9611.9 0.2 20.2 9611.9 0.2 20,2
1941 26556.6 27102.0 2.1 545.5 ~7102.0 2.1 545.6 27102.0 2.1 545.5
1942 14619.9 14401.1 -1.5 -218.9 14401.1 -1,5 -218.9 14401.1 -1.5 -218.9
1943 10511.8 10380.5 -1.2 -131.3 10380.5 -1.2 -131.3! 10380.5 -1.2 -131.3
1944 6542.0 5774.4 -11.7 -767.7 5774.4 -11.7 -767.7 5774,4 -11.7 -767,7
1945 4698.9 6077.7 29.3 1378.8 6077.7 29.3 1378.8 6077.7 29.3 1378.8
1946 7235.5 6594.0 -8.9 -641.4 6594.0 -8.9 -641.4 6594.0 -8.9 -641.4
1947 5669.; 5068.9 -10.6 -600.3 5068.9 -10.6 -600.3 5068.9 -10.6 -600.3
1948 17188.0 22597.1 31.6 5409.1 22597.1 31.5 5409.1 22597.1 31.5 5409.1
1949 5326.0 5245.2 -1.5 -80.8 5245.2 -1.5 -80.8 5245.2 -1.5 -80.8
1950 8466.8 8401.1 -0.8 -65.7 8401,1 -0.8 -65.7 8401.1 -0.8 -65,7
1951 7312.0 6635.2 -9.3 -676.8 6635.2 -9.3 -676.8 6635.2 -9.3 -676.8
1952 22622.6 22590.6 -0.1 -32.0 22590.6 -0.1 -32.0 22590.6 -0.1 -32.0
1953 10831.5 10580.7 -2.3 -250.8 10580.7 -2.3 -250.8 10580.7 -2.3 -250.8
1954 17262.7 17277.9 0.1 15.2 17277.9 0.1 15.2 17277.9 0.1 15.;
1955 7219.8 6825.6 -5.5 -394,; 6825.6 -5.5 -394.2 6825.6 -5.5 -394,~’
1956 7466.3 7454.6 -0.2 -11.8 7454.6 -0.2 -11.8 7454.6 -0.2 -11.8
1957 10972.8 10543,5 -3.9 -429.3 10543.5 -3.9 -429.3 10543.5 -3.9 -429.3
1958 24139.4 24279.1 0.6 139.7 24279,1 0.6 139.7 24279.1 0.6 139.7
1959 8694.8 9179.7 5.6 484.9 9179.7 5.6 484.9 9179.7 5.6 484.9
1960 7938.~ 8751.8 10.2 813.1 8751.8 10.2 813.1 8751,6 10.2 813.1
1961 8710.5 8984.9 3.2 274.4 8984.9 3.2 274.4 8984,9 3.2 274.4
1962 6383.; 7687.9 20.4 1304.7 7687.9 20.4 1304.7 7687.9 20.4 1304.7
1963 42744.0 42878.7 0.3 134.7 42878.7 0.3 134.7 42878.7 0.3 134.7
1964 9922.0 9373.5 -5.5 -548.6 9373.5 -5.5 -548.6 9373.5 -5.5 -548.6
1965 21691.3 21863.0 0.8 171.7 21863.0 0,8 171.7 21863.0 0.8 171.7
1966 9605.9 9747.3 1.5 141.4 9747.3 1.5 141.4 9747.3 1.5 141.4
1967 19298.2 19437.9 0.7 139.7 19437.9 0.7 139.7 19437.9 0,7 139.7
1968 8403.1 8983.9 6.9 580.8 8983.9 6.9 580.8 8983.9 6.9 580.8
1969 18238.6 18243.7 0.0 5.1 18243.7 0.0 5.1 18243.7 0.0 5.1
1970 9075.5 8346.5 -8.0 -729,0 8346.5 -8.0 -729.0 8346.5 -8.0 -729.0
1971 7420.8 7276.1 -2.0 -144.8 7276.1 -2.0 -144.8 7276.1 =2.0 -144.8
1972 9710.1 11169.7 15.0 1459.6 11169.7 15.0 1459.6 11169.7 15.0 1459.6
1973 7185.6 7106.5 -1,1 -79.1 7106.5 -1.1 -79.1 7106.5 -1.1 -79.1
1974 18143.8 18248.2 0.6 104.4 18248.2 0.6 104.~ 18248.2 0.6 104,4
1975 7749.6 7774.9 0.3 25.3 7774.9 0.3 25.3 7774.9 0.3 25.3
1976 6778.1 6601.8 -2.6 -176.3 6601.8 -2.6 -176.3 6601.8 -2.6 -176.3
1977 8647.5 7941.6 -8.2 -705.9 7941.6 -8.2 -705.9 7941.6 -8.2 -705.9
1978 15103.2 14867.5 -1.6 -235.7 14867.5 -1.6 -235.7 14867.5 -1.6 -235.7
1979 6564.9 6588.5 0.4 23.6 6588.5 0.4 23.6 6588,5 0.4 23.6
1980 6108.6 6125.4 0.3 16.8 6125.4 0.3 16,8 6125.4 0.3 16.6
1981 5775.6 5792.5 0.3 16.8 5792.5 0.3 16.8 5792.5 0.3 16.6
1982 35382.3 35436.2 0.2 53.9 35436.2 0.2 53.9 35436.2 0.2 53.9
1983 21082.3 21217.0 0.6 134.7 21217.0 0.6 134.7 21217.0 0.6 134.7
1984 8322.9 12200.0 46.6 3877.1 12200.0 46.6 3877.1 12200.0 46.6 3877.1
1985 4881.8 4755.1 -2.6 -126.7 4755.1 -2.6 -126.7 4755.1 -2.6 -126.7
1986 4888.2 4866.4 -0.4 -21.~, 4866.4 -0.4 -21.9 4866.4 -0.4 -21.9
1987 9744.6 9038.0 -7.3 -706.6 9038.0 -7.3 -706.6 9038.0 -7.3 -706.6
1988 5292.6 5558.6 5.0 266.0 5558.6 5.0 266.0 5558.6 5.0 266.0
1989 5743.3 5626.9 -2.0 -116.4 5626.9 -2.0 -116.4 5626.9 -2.0 -116.4
1990 8118.7 7323.9 -9.8 -794.8 7323.9 -9.8 -794.8 7323.9 -9.8 -794.8
1991 4916.8 4531.0 -7.8 -385,8 4531.0 -7.8 -385.8 4531.0 -7.8 -385.8

Mean 10912.9 11023.2 0.8 110.3 11023.2 0.8 110.3 11023,2 0.8 110.3
Median 8275.9 8265.6 0.1 10.4 8285.6 0.1 10.’ 8285,6 0.1 10.1

42744.0 42878.7 46.6 5409.1 42878.7 46.6 5409.1 42878.7 46.6 5409.1
4698.9 4531.0 -17.0 -1473.1 4531.0 -17.0 -1473,1 4531,0 -17.0 -1473.1

hit- Base > 0 37 37 37
hit- Base ¯ -100 46 46 46

Rel Dif < = -1.0% 6 6 6
Rel Dif < = -2.0% 7 7 7
Rel Dif < = -3.0% 4 4 4
Rel Dif < = -5.0% 2 2 2

SUBJECT TO REVISION November 17, 1996

C--086064



Sacramento River Flow Below Red Bluff Diversion Dam
2020 H drolo~w
Existin~l Project - Screen Onl)t Project with GF No Project / No Action

Relative Absolute!         Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differenc~
Year (cfs) Icfs) (%) (cfs) (cfs) (%) Icfs) Icfs) (%) (cfs) ,,
1922 13668.4 13500.6 -1.2 -167.8 13500.6 -1.2 -167.8 13451.7 -1.6 -216.7
1923 10177.0 9554.7 -6.1 -622.3 9554.7 -6.1 -622.3 9505.8 -6.6 -671.2
1924 5733.0 6113.9 6.6 380.9 6113.9 6.6 380.9 5836.9 1.8 103.9
1925 7144.6 6282.7 -12.1 -861.8 6282.7 -12.1 -861.8 5696.2 -20.3 -1448.4
1926 8836.8 8606.7 -2.6 -230.1 ! 8606.7 -2.6 -230.1 8411.2 -4.8 -425.6
1927 12296.1 12276.5 -0.2 -19.5 12276.5 -0.2 -19.5 12146.2 -1.2 -149.9
1928 8727.1 8921.0 2.2 193.9 8921.0 2.2 193.9 8367.1 -4.1 -360.0
1929 7420.6 8233.6 11.0 813.0 8233.6 11.0 813.0 7858,9 5.9 438.3
1930 7646.7 8128.3 6.3 481.6 8128.3 6.3 481.6 7623.3 -0.3 -23J
1931 8155.9 6411.2 -21.4 -1744.6 6411.2 -21.4 -1744.6 5922.5 -27.4 -2233.4
1932 5766.5 6515.5 13.0 749.0 6515.5 13.0 749,0 6059.4 5.1 292.8
1933 6490.3 7104.5 9.5 614.: 7104.5 9.5 614.2 7071.9 9.0 581.6
1934 6531.8 6792.4 4.0 260.7 6792.4 4.0 260.7 6759.9 3.5 228.1
1935 9411.1 10118.1 7.5 707.1 10118.1 7.5 707.1 10053.0 6.8 641.9
1936 8879.5 8004.6 -9.9 -874.9 8004.6 -9.9 -874.9 7858.0 -11.5 -1021.5
1937 8070.6 7381.5 -8.5 -689.1 7381.5 -8.5 -689.’ 6860.1 -15.0 -1210.5
1938 12454.0 12395.3 -0.5 -58.6 12395.3 -0.5 -58.6 11922.8 -4.3 -531.1
1939 9004.6 8729.2 -3.1 -275.3 8729.2 -3.1 -275.3 8175.3 -9.2 -829.3
1940 7673.7 6784.1 -11.6 -889.5 6784.1 -11.6 -889.5 6653.8 -13.3 -1019.9
1941 17933.7 17985.8 0.3 52.1 17985.8 0.3 52.1 17676.3 -1.4 -257.4
1942 15608.0 15979.5 2.4 371.5 15979.5 2.4 371.5 15653.7 0.3 45.6
1943 9978.4 10180.4 2.0 202.0 10180.4 2.0 202.0 10017.5 0.4 39.1
1944 7808.5 7301.5 -6.5 -507.0 7301.5 -6.5 -507.0 7040.9 -9.8 -767.7
1945 8488.0 10001,5 17.8 1513.5 10001.5 17.8 1513.5 9545,4 12.5 1057.4
1946 8907.9 8802.0 -1.2 -105.9 8802.0 -1,2 -105.9 8427,3 -5.4 -480.6
1947 9949,6 9472.8 -4.8 -476,7 9472.8 -4.8 -476.7i 9147.0 -8,1 -802,6
1948 15478.1 16234.0 4.9 755.9 16234.0 4.9 755.9 15843.0 2.4 364.9
1949 8423.5 8477.3 0.6 53.8 8477.3 0.6 53.8 8021.1 -4.8 -402.4
1950 9836.5 8966.5 -8.8 -870.0 8966.5 -8.8 -870.0 8917.6 -9.3 -918.9
1951 10158.3 10816.5 6.5 658.; 10816.5 6.5 656.21 10458.1 3.0 299.8
1952 13485.5 13493.7 0.1 8.1 13493.7 0.1 8.1i 12988.6 -3.7 -496.9
1953 14514.4 14910.3 2.7 395.9 14910.3 2.7 395.9 14763.6 1.7 249.3
1954 11949.3 11261.7 -5.8 -687.5 11261.7 -5.8 -687.5 10919.6 -8.6 -1029.6
1955 7566.1 7280.6 -3.8 -285.5 7280.6 -3.8 -285.! 6987.3 -7.6 -578.7
1956 16179.9 16320.0 0.9 140.1 16320.0 0.9 140.1 15863.8 -2.0 -316.1
1957 11326.9 13141.9 16.0 1814.9 13141.9 16.0 1814.9 12604.2 11.3 1277.3
1958 12456.9 12416.2 -0.3 -40.7 12416.2 -0.3 -40.7 12351.0 -0.9 -105.9
1959 8726.9 8039.4 -7.9 -687.5 8039.4 -7.9 -687.5 7795.0 -10.7 -931.9
1960 7284.0 6421.2 -11.8 -862.8 6421.2 -11.8 -862.8 6339.8 -13.0 -944.3
1961 9552.1 9407.2 -1.5 -145.0 9407.2 -1.5 -145.0 8869.5 -7.1 -682.6
1962 8337.1 7475.3 -10.3 -861.8 7475.3 -10.3 -861.1 7116.9 -14.6 -1220.3
1963 9773.6 9868.1 1.0 94.5 9868.1 1.0 94.5 9411.9 -3.7 -361.7
1964 8425.8 8302.0 -1.5 -123.8 8302.0 -1.5 -123.8 7764.4 -7.8 -661.4
1965 9683.1 9740.1 0.6 57.0 9740.1 0.6 57.0 9251.3 -4.5 -431,7
1966 8979.1 9181.2 2.2 202.0 9181.2 2.2 202.0 8708.7 -3.0 -270.4
1967 18968.1 19064.2 0.5 96.1 19064.2 0.5 96." 18575.5 -2.1 -392.6
1968 8087.6 7304.0 -9.7 -783.6 7304.0 -9.7 -783.6 6913.0 -14.5 -1174.6
1969 15065.4 14964.4 -0.7 -101.0 14964.4 -0.7 -101.0 14589.7 -3.2 -475.7
1970 8010.6 8369.0 4.5 358.4 8369.0 4.5 358.4 7847.7 -2.0 -162.9
1971 15134.7 15206.4 0.5 71.7 15206.4 0.5 71.7 14929.4 -1.4 -205.3
1972 8719.0 8741.8 0.3 22.8 8741.6 0.3 22.8 8236.8 -5.5 -482.2
1973 10226.4 10193.9 -0.3 -32.6 10193.9 -0.3 -32.6 10145.0 -0.8 -81.5
1974 11261.5 11188.2 -0.7 -73.3 11188.2 -0.7 -73.3 10780.9 -4.3 -480.6
1975 16142.3 16124.3 -0.1 -17.9 16124.3 -0.1 -17.! 15668.2 -2.9 -474.1
1976 8197.2 8025.9 -2.1 -171.4 8025.9 -2.1 -171.4 7569.7 -7.7 -627.6
1977 5683.5 6446.2 13.4 762.7 6446.2 13.4 762.7 6169.3 8,5 485.8
1978 12127.6 11948.4 -1.5 -179.2 11948.4 -1.5 -179.2 11476.0 -5.4 -651,7
1979 10207.1 10225.0 0.2 17.9 10225.0 0.2 17.9 10176.1 -0.3 -31.0
1980 8928.2 9034.1 1.2 105.9 9034.1 1.2 105.9 8545.3 -4.3 -382.9
1981 9734.6 8752,2 -10.1 -982.4 8752.2 -10.1 -982.4 8263.4 -15.1 -1471,2
1982 7712.5 7798.9 1.1 86.4 7798.9 1.1 86.4 7407.9 -4.0 -304,7
1983 17662.1 17704.5 0.2 42.4 17704.5 0.2 42.4 17248,3 -2,3 -413,8
1984 9438.6 9854.0 4.4 415." 9854.0 4.4 415.4 9316.4 -1,3 -122,2
1985 9610,7 9007.9 -6.3 -602.9 9007.9 -6.3 -602.9 8812.3 -8.3 -798.4
1986 9493.4 9643.3 1.6 149.9 9643.3 1.6 149.91 9187.1 -3,2 -306.3
1987 11627.5 11477.6 -1.3 -150.0 11477.6 -1.3 -150.0 10907.3 -6,2 -720.2
1988 9761.0 9205.4 -5.7 -555.6 9205.4 -5.7 -555.6 8651.5 -11,4 -1109.5
1989 9340.6 9258.8 -0.9 -81,8 9258.8 -0.9 -81.8 8770,1 -6,1 -570.5
1990 9578.9 10324.5 7.8 745.6 10324.5 7.8 745.6 10015,0 4,6 436.0
1991 5461.5 5805.0 6.3 343.6 5805.0 6.3 343.6~ 5185.9 -5.0 -275.5

Mean 10158.3 10128.6 -0.3 -29.7 10128.6 -0.3 -29.7: 9772.9 -4.1 -385.4
Median 9466.0 9232.1 -0.0 -4.9 9232.1 -0.0 -4.9 8840.9 -4.0 -408.1

18968.1 19064.2 17.8 1814.9 19064.2 17.8 1814.9 18575.5 12.5 1277.3
5461.5 5805.0 -21.4 -1744.6 5805.0 -21.4 -1744.6 5185.9 -27.4 -2233.4

AIt- Base > 0 35 35 15
AIt- Base > -100 42 42 18

Rel Dif < = -1.0% 8 8 4
Re! Dif < = -2.0% 6 6 6
Rel Dif < = -3.0% 2 2 4
Rel Dif< = -5.0% 3 3 13

SUBJECT TO REVISION November 17, 1996

C--086065
C-086065



Sacramento River Flow Below Red Bluff Diversion Dam
202(
Existing Proiect - Screen Only/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year Icfs) (cfs) (%) (cfs) (cfs) f%) Icfs) (cfs) (%) (cfs)
1922 10083.9 9668.0 -4.1 -415.8 9668.0 -4.1 -415.5 9567.0 -6.1 -516,8
1923 10406.6 9832,5 -5.5 -574.1 9832.5 -5.5 -574,1 9748.4 -6.3 -658.2
1924 7268.1 6392.0 -12.1 -876.2 6392.0 -12.1 -876.2 5230.4 -28.0 -2037.8
1925 9865.6 10140.0 2.8 274,4 10140.0 2.8 274.4 8911,0 -9.7 -954.5
1926 10447.9 11608.0 11.1 1160.0 11608.0 11.1 1160,0 11119.7 6.4 671.8
1927 9224.9 9962.2 8.0 737.4 9962.2 8.0 737.4 8716.5 -5.5 -508.4
1928 10445.5 10948.9 4.8 503.4 10948.9 4.8 503.4 9602.1 -8.1 -843.4
1929 7068.1 8010.9 13.3 942.8 8010.9 13.3 942.8 6983.9 -1.2 -84.2
1930 10281.1 9407.8 . -8.5 -873.3 9475.1 -7.8 -806.0 8263.0 -19.6 -2018.1
1931 6256.5 6363.8 1.7 107.3 6363.8 1.7 107.3 5555.7 -11.2 -700,8
1932 6741.7 7547.0 11.9 805.2 7563.8 12.2 822.1 6166.5 -8.5 -575.3
1933 7735.4 7023.3 -9.2 -712.1 7023.3 -9.2 -712.1 6653.0 -14.0 -1082.5
1934 7742.4 7560.6 -2.3 -181.8 7560.6 -2.3 -181.8 7055.6 -8.9 -686.9
1935 10577.6 9683.6 -8.5 -893.9 9767.8 -7.7 -809.8 9380.6 -11.3 -1197.0
1936 9243.4 8485.8 -8.2 -757.6 8485.8 -8.2 -757.6 7997.6 -13.5 -1245.8
1937 9047,3 8845.2 -2,2 -202.0 8895.7 -1.7 -151.5 7599.4 -16.0 -1447.8
1938 11347.0 13626.4 20,1 2279.5 13626.4 20.1 2279.5 12565.8 10.7 1218.9
1939 9199.4 9060.5 -1.5 -138.8 9060.5 -1.5 -138.8 7898.9 -14.1 -1300.5
1940 9924.6 9436.4 -4,9 -488.2= 9486.9 -4.4 -437.7 8375.8 -15.6 -1548.8
1941 11495.9 13660.9 18.8 2165.0 13660.9 18.8 2165.0 12684.5 10.3 1188.6
1942 11168.1 13663.1 22.3 2495.0 13679.9 22.5 2511.8 12467.8 11.6 1299.7
1943 9223.1 9827.4 6.6 604.4 9827.4 6.6 604.4 8716.3 -5.5 -506.7
1944 9066.1 9155.5 1.0 89.5 9155.5 1.0 89.5 7960.3 -12.2 -1105.8
1.945 8954.8 8746.1 -2.3 -208.8 8746.1 -2.3 -208.8 7449.8 -16.8 -1505.0
1946 9976.2 10267A 2.9 291,2 10267.4 2,9 291.2 8954.3 -10.2 -1021.9
1947 8899.6 9103.8 2.3 204.2 9103.8 2.3 204.2 7874.8 -11.5 -1024.8
1948 12320.7 13622.0 10.6 1301.4 13622.0 10.6 1301.4 12527.7 1.7 207.1
1949 9793.0 9195.4 -6.1 -597.6 9229.0 -5.8 -564.0 8168.4 -16.6 -1624.6
1950 9576.9 9051.7 -5.5 -525.2 9051.7 -5.5 -525.2 7940.5 -17.1 -1636.4
1951 9779.2 9407.1 -3.8 -372.1 9440.8 -3,5 -338.4 8161.3 -16.5 -1617.8
1952 11263.3 11768.3 4.5 505.1! 11768.3 4.5 505.1 10505.7 -6.7 -757.6
1953 11894.2 14308.4 20.3 2414.1 14308.4 20.3 2414.1 13012.1 9.4 1117.8
1954 10404.7 11152.2 7.2 747.5 11152.2 7.2 747.5 10360.9 -0.4 -43.8
1955 9600.5 10923.3 13.8 1322.9 10923.3 13.8 1322.9 9930.1 3.4 329.6
1956 11224.8 12199.6 8.7 974.8 12199.6 8.7 974.8 10903.3 -2.9 -321.5
1957 8824.2 9337.7 5.8 513.5 9337.7 5.8 513.5 8159.3 -7.5 -665.0
1958 12741.4 15426.6 21.1 2685.2; 15426,6 21.1 2685.2 14467.0 13.5 1725.6
1959 10032.4 10621.7 5.9 589.2 10621.7 5.9 589.2 9308.5 -7.2 -723.9
1960 10674.0 10868.7 1.8 194.8 10868.7 1.8 194.8 9757.6 -8,6 -916.3
1961 11681.1 12250.2 4.9 569.0 12250.2 4.9 569.0 11038.0 -5.5 -643.1
1962 9687.7 9229,8 -4.7 -457,9 9229.8 -4.7 -457.9 8017.7 -17.2 -1670.0
1963 9312.1 9467.0 1.7 154.9 9467.0 1.7 154.9 8507.4 -8.6 -804.7
1964 9254.1 9411.1 1.7 157.0 9411,1 1.7 157.0 8182.1 -11.6 -1072.0
1965 8229.1 9291.4 12.9 1062.3 9291.4 12.9 1062.3 8045.6 -2.2 -183.5
1966 10050.5 11431.0 13.7 1380.5 11431,0 13.7 1380.5 10387:3 3.4 336.7
1967 11831.0 13979.1 18.2 2148.2 13979,1 18.2 2148.2 12750.2 7.8 919.2
1968 10026.0 10997.4 9.7 971.4 10997.4 9.7 971.4 10020.9 -0.1 -5.0
1969 11192.5 12212.8 9.1 1020,2 12212.8 9.1 1020.2 11589.9 3.5 397.3
1970 9893.9 9966.3 0.7 72.4 9966.3 0.7 72.4 8872.1 -10.3 -1021,9
1971 11983.8 14600.0 21.8 2616.2 14600.0 21.8 2616.2 13707.7 14.4 1723.9
1972 10148.6 10527.4 3.7 378.8 10527.4 3.7 378.6 9483.6 -6.6 -665.0
1973 9353.0 8874.9 -5.1 -478.1 8874.9 -5.1 -478.1 7999.5 -14.5 -1353.5
1974 11490.5 12987.1 13.0 1496.6 12987,1 13.0 1496.6 11926.5 3.8 436.0
1975 10940.5 12093.7 10.5 1153.2 12093.7 10.5 1153.2 10831.1 -1.0 -109.4
1976 9777.3 9958.7 1.9 181.4 9958.7 1.9 181.4 8763.4 -10.4 -1013.9
1977 7579.8 7681.4 1.3 101.6 7681.4 1.3 101.6 6570.3 -13.3 -1009.5
1978 8874.9 8965,8 1.0 90.9 8965.8 1.0 90.9 8056.7 -9.2 -818.2
1979 10485.7 10207.9 -2,6 -277.8 10207.9 -2.6 -277.8 9719.7 -7.3 -766.0
1980 8423.7 8556.7 1.6 133.0 8556.7 1.6 133.0 7243.6 -14.0 -1180.1
1981 9936.0 9777.8 -1.6 -158.2 9777.8 -1.6 -158.2 8532.0 -14.1 -1404,0
1982 11029.7 11349.6 2.9 319.9 11349.6 2.9 319.9 10120.6 -8.2 -909.1
1983 14825.7 15472.2 4.4 646.5 15472.2 4.4 646.5 14142.2 -4.6 -683.5
1984 9386.0 9626.8 2.6 240.7 9626.8 2.6 240.7 8465.1 -9.8 -920.~
1985 12281.4 13266.4 8.0 985.0 13266.4 8.0 985.0 12458.3 1.4 176.~
1986 10615.3 ,11165.8 5.2 550.5 11165.8 5.2 550.5 10122.0 -4.6 -493.3
1987 15585.0 15211.4 -2,4 -373.6 15211.4 -2.4 -373.6 13931.9 -10.6 -1653.1
1988 14222.4 11493.4 -19.2 -2729.0 11493.4 -19.2 -2729.0 10146.6 -28.7 -4075.8
1989 10461.0 12164.3 16.3 1703.2 12164.3 16.3 1703.2 11137.3 6.5 676.~
1990 10732.9 9167.0 -14.6 -1565.9 9200.6 -14.3 -1532.3 8123.2 -24.3 -2609.7
1991 5294.1 6112.3 15.5 818.2 6112.3 15.5 818.2 4900.2 -7.4 -393.~

Mean 10062.9 10477.2 3.9 414.3 10482.8 4.0 419.8 9435,6 -6.8 -627.~
Median 10001.1 9960.5 2.8 282.8 9960.5 2.8 282.8 8932.7 -8.2 -740.7

15585.0 15472.2 22.3 2685.2 15472.2 22.5 2685.2 14467.0 14.4 1725.~
5294.1 ’ 6112.3 -19.2 -2729.0 6112.3 -19.2 -2729.0 4900.2 -28.7 -4075.~

AIt- Base > 0 48 46 1
AIt- Base ¯ -100 48 48

Rel Dif < = -1.0% 0 0 2
Rel Dif < = -2.0% 2 3 2
Rel Dif < = -3.0% 5 4 2
Re~ D~f < = -5.0% 4 4 2

SUBJECT TO REVISION November 17, 1996

°     �-086066
C-086066



Sacramento River Flow Below Red Bluff Diversion Dam
2020 H’ ~rology
Existin~l Project - Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Re~ative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year Icfs) (cfs) (%)    (cfs) (cfs) (%)    (cfs) (cfs) (%)    (cfs)
1922 11007.0 12426.0 12.9 1419.0 12426.0 12.9 1419.0 12279.4 11.6 1272.4
1923 11699.2 12474.7 6.6 775.5 12474.7 6.6 775,5 12328.1 5.4 628.9
1924 8213.4 7493.0 -8.8 -720.4 7493.0 -8.8 -720.4 6727.3 -18.1 -1486.1
1925 10555.3 10948.0 3.7 392.6 10948.0 3.7 392.6 10068.2 -4.6 -487.1
1926 15147.1 10453.8 -31.0 -4693.3 10453.8 -31.0 -4693.3 10225.7 -32.5 -4921.~
1927 10680.5 12050,7 12.8 1370.2 12050.7 12.8 1370.2 10861.4 1.7 180.6
1928 16215.1 16138.5 -0.5 -76.6 16138.5 -0.5 -76.6 15063.2 -7.1 -1151.8
1929 10531.2 9511.3 -9.7 -1019.9 9511.3 -9.7 -1019.9 8615.3 -18.2 -1915.9
1930 11698.3 11202.8 -4.2 -495.5 11202.8 -4.2 -495.5 10534.9 -9.9 -1163.5
1931 7014.7 7922.6 12.9 907.9 7922.6 12.9 907.9 7091.7 1.1 77.0
1932 8029.9~ 8594.2 7.0 564.3 8594.2 7.0 564.3 7616.7 -5.1 -413.2
1933 8725.7 8103.4 -7.1 -622.4 8103.4 -7.1 -622.z 7891.6 -9.6 -834.1
1934 7698.3 8109.9 5.3 411.6 8109.9 5.3 411.6 7784.1 1.1 85.7
1935 10821.4 12919.8 19.4 2098.4 12919.8 19.4 2098.4 12691.8 17.3 1870.3
19~6 11225.3: 12377.2 10.3 1151.8 12377.2 10.3 1151.8 12083.9 7.6 858.6
1937 10701.7 10722.9 0.2 21.2 10722.9 0.2 21.2 9712.8 -9.2 -988.9
1938 10343.0 13383.1 29.4 3040.1 13383.1 29.4 3040.1 12389.3 19.8 2046.3
1939 11510.1 10698.3 -7.1 -811.8 10698.3 -7.1 -811.8 9786.0 -15.0 -1724.1
1940 11160.5 13131.9 17.7 1971.3 13131.9 17.7 1971.3 12186.9 9.2 1026.4
1941 10649.8 13398.3 25.8 2748.5 13398.3 25.8 2748.5 12681.4 19.1 2031.6
1942 10226.7 13299.3 30.0 3072.7 13299.3 30.0 3072.7 12305.5 20.3 2078.9
1943 9940.8 12749.6 28.3 2808.7 12749.6 28.3 2808.7 11544.0 16.1 1603.1
1944 10874.2 11819.8 8.7 945.6 11819.8 8.7 945.6 10760.8 -1.0 -113.4
1945 11260.6 12731.8 13.1 1471.2 12731.8 13.1 1471.2 11933.5 6.0 672.9
1946 11013.0 12963.2 17.7 1950.1 12963.2 17.7 1950.1 12099.7 9.9 1086.7
1947 12053., 12096.7 0.4 43.3 12096.7 0.4 43.3 11102.9 -7.9 -950.5
1948 10761.6 12019.3 11.7 1257.7 12019.3 11.7 t257.7 11465.4 6.5 703.8
1949 10562.2 9734.6 -7.8 -827.6 9734.6 -7.8 -827.6 8854.8 -16.2 -1707.4
1950 10105.0 11265.0 11.5 1160.0 11265.0 11.5 1160.0 9977.9 -1.3 -127.1
1951 11252.1 13220.2 17.5 1968.1 13220.2 17.5 1968.1 12291.5 9.2 1039.4
1952 10796.1 13661.8 26.5 2865.8 13661.8 26.5 2865.8 12863.5 19.2 2067.5
1953 10678.9 13557.7 27.0 2878.8 13557.7 27.0 2878.8 12694.2 18.9 2015.3
1954 15157.7 16790.1 10.8 1632.5 16790.1 10.8 1632.5 15991.8 5.5 834.2
1955 12206.7 13376.0 9.6 1169.3 13376.0 9.6 1169.3 12479.9 2.2 273.2
1956 10524.7 13447.5 27.8 2922.8 13447.5 27.8 2922.8 12665.5 20.3 2140.8
1957 10940.6 12594.2 15.1 1653.6 12594.2 15.1 1653.6 11877.4 8.6 936.8
1958 10935.7 13871.5 26.8 2935.8 13871.5 26.8 2935.8 12959.2 18.5 2023.5
1959 14952.2 16778.6 12.2 1826.3 16778.6 12.2 1826.3 15849.9 6.0 897.7
1960 13894.4 12784.4 -8.0 -1110.1 12784.4 -8.0 -1110.1 11741.7 -15.5 -2152.8
1961 14879.0 13619.6 -8.5 -1259.4 13619.6 -8.5 -1259.z 13065.7 -12.2 -1813.3
1962 11632.4 15348.6 31.9 3716.2 15348.6 31.9 3716.2 14582.9 25.4 2950.5
1963 10341.9 13005.6 25.8 2663.7 13005.6 25.8 2663.7 12158.4 17.6 1816.6
1964 13541.9 13094.5 -3.3 -447.5 13094.5 -3.3 -447.5 12426.5 -8.2 -1115.4
1965 10145.7 12543.9 23.6 2398.2 12543.9 23.6 2398.2 11387.2 12.2 1241.5
1966 13684.6 14879.0 8.7 1194.2 14879.0 8.7 1194.2 14178.4 3.6 493.6
1967 10195.0 13169.9 29.2 2974.9 13169.9 29.2 2974.9 12387.9 21.5 2192.9
1968 15168.1 16210.8 6.9 1042.7 16210.8 6.9 1042.7 15591.7 2.8 423.6
1969 10175.5 13308.4 30.8 3132.9 13308.4 30.8 3132.9 12119.1 19.1 1943.6
1970 12825.0 13056.3 1.8 231.3 13056.3 1.8 231.3 12274.3 -4.3 -550.7
1971 11222.2 13969.0 24.5 2746.8 13969.0 24.5 2746.8 13203.3 17.7 1981.1
1972 14988.7 16723.8 11.6 1735.1 16723.8 11.6 1735.1 16007.0 6.8 1018.3
1973 11922.8 14457.8 21.3 2535.0 14457.8 21.3 2535.0 13692.1 14.8 1769.3
1974 11695.4 14473.2 23.8 2777.8 14473.2 23.8 2777.8 13870.4 18.6 2175.0
1975 10651.8 13481.8 26.6 2829.9 13481.8 26.6 2829.9 12797.5 20.1 2145.7
1976 13874.9 13306.3 -4.1 -568.6 13306.3 -4.1 -568.6 12801.2 -7.7 -1073.7
1977 7886.~ 8301.8 5.3 415.4 8301.8 5.3 415.4 7633.8 -3.2 -252.6
1978 10355." 12807.1 23.7 2451.9 12807.1 23.7 2451.9 12220.6 18.0 1865.4
1979 11988.8 13468.1 12.3 1479.3 13468.1 12.3 1479.3 13207.4 10.2 1218.6
1980 10161.5 12476.6 22.8 2315.1 12476.6 22.8 2315.1 11515.4 13.3 1353.9
1981 13731.1 12722.6 -7.3 -1008.5 12722.6 -7.3 -1008.5 11940.6 -13.0 -1790.5
1982 10525.4 13456.3 27.8 2930.9 13456.3 27.8 2930.9 12625.4 20.0 2100.0
1983 11115.9 14004.5 26.0 2888.6 14004.5 26.0 2888.6 13075.8 17.6 1959.9
1984 10696.2 13104.1 22.5 2408.0 13104.1 22.5 2408.0 11914.8 11.4 1218.6
1985 11587.4 12560.4 8.4 973.0 12560.4 8.4 973.0 11338.5 -2.1 -248.9
1986 11038.3 11518.9 4.4 480.6 11518.9 4.4 460.6 10883.5 -1.4 -154.8
1987 14569.5 13251.4 -9.0 -1318.2 13251.4 -9.0 -1318.2 12404.2 -14.9 -2165.4
1988 13097.9 12496.8 -4.6 -601.2 12496.8 -4.6 -601.2 11551.8 -11.8 -1546.1
1989 13669.4 11449.3 -16.2 -2220.1 11449.3 -16.2 -2220.1 10699.9 -21.7 -2969.5
1990 14267.7 14074.1 -1.4 -193.7 14074.1 -1.4 -193.7 13226.9 -7.3 -1040.8
1991 8955.4 7577.5 -15.4 -1377.9 7577.5 -15.4 -1377.9 6681.5 -25.4 -2273.9

Mean 11462.2 12553.4 10.3 1091.2 12553.4 10.3 1091.2 11764.9 3.2 302.7
Median 11010.0 12941.5 11.5 1226.0 12941.5 11.5 1226.0 12172.7 5.4 650.9

16215.1 16790.1 31.9 3716.2 16790.1 31.9 3716.2 16007.0 25.4 2950.5
7014.7 7493.0 -31.0 -4693.3 7493.0 -31.0 -4693.3 6681.5 -32.5 -4921.4

AIt- Base > 0 52 52 42
Alt- Base > -100 53 53 42

Rel Dif < = -1.0% 1 1 0
Rel Dif < = -2.0% 1 1 3
Rel Dif < = -3.0% 0 0 1
Rel Dif < = -5.0% 4 4 3

SUBJECT TO REVISION November17, 1996

C--086067
C-086067



Sacramento River Flow Below Red Bluff Diversion Dam
2020 H trolo~y
Existin~l I Project - Screen Onl]/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (ct’s) (cfs) (%) Icfs) (cfs) !%! (cfs) (cfs) !%) (cfs)
1922 10643.9 12015,6 12.9 1371.8 12015.6 12.9 1371.8 11820.1 11.1 1176.3
1923 10492.1 10032.6 -4.4 -459.4 10032.6 -4.4 -459.4 9886.0 -5.8 -606.1
1924 4858.3 5935.2 22.2 1076.9 5935.2 22,2 1076.9 5397.6 11.1 539.3
1925 9608.61 10009.4 4.2 400.6 10042.0 4.5 433.4 9162.2 -4.6 -446.4
1926 9276 71 8859.6 -4.5 -417: 8859.6 -4.5 -417.1 8550.1 -7.8 -726.6
1927 9771.0! 12425.0 27.2 2654.0 12425.0 27.2 2654.0 11382.3 16.5 1611.3
1928 11851.8 13298.5 12.2 1446.7 13298.5 12.2 1446.7 12386.2 4.5 534.4
1929 9487.6 9381.7 -1.1 -105.9 9381.7 -1.1 -105.9 8681.1 -8.5 -806.5
1930 8197.5 9176.5 11.9 979.0 9192.8 12.1 995.3 8508.6 3.8 311.0
1931 5256.3 7319.9 39.3 2063.6 7319.9 39.3 2063.6 6700.8 27.5 1444.5
1932 7040.0 8422.4 19.6 1382.6 8422.4 19.6 1382.5 7559.0 7.4 519.0
1933 8052.4 8999.0 11.8 946.6 8999.0 11.8 946.6 8803.5 9.3 751.1
1934 6456.1 7204.5 11.6 748.4 7204.5 11.6 748.4 6943.9 7.6 487.8
1935 10480.5 9661.0 -7.8 -8t9.5 9677.3 -7.7 -803.2 9449.2 -9.8 -1031.3
1936 10728.3 10368.2 -3.4 -360.0 10368.2 -3.4 -360.0 10026.1 -6.5 -702.2
1937 10120.8 10270.7 1.5 149.9 10270.7 1o5 149.9 9293.1 -8.2 -827.6
1938 9633.0 13163.5 36.6 3530.5 13163.5 36.6 3530.5 12316.3 27.9 2683.3
1939 8557.3 8821.0 3.1 263.7 8821.0 3.1 263.7 8071.6 -5.7 -485.7
1940 10135.4 11007.1 8.6 871.6 11007.1 8.6 871.6 10176.2 0.4 40.7
1941 10189.0 13159.0 29.1 2970.0 13159.0 29.1 2970.0 12523.6 22.9 2334.6
1942 9835.8 13136.6 33.6 3300.8 13136.6 33.6 3300.8 12224.2 24.3 2388.4
1943 9464.6 12625.2 33.4 3160.6 12625.2 33.4 3160.6 11582.5 22.4 2118.0
1944 9490.1 9954.9 4.9 464.8 9954.9 4.9 464.8 9058.9 -4.5 -431.2
1945 10069.5 10172.1 1.0 102.6 10172.1 1.0 102.6 9439.0 -6.3 -630.5
1946 9880.5 9994.6 1.2 114.0 9994.6 1.2 114.0 9196.3 -6.9 -684.3
1947 9021.6 9521.3 5.5 499.7 9521.3 5.5 499.7 8625.3 -4.4 -396.4
1948 10544.7 11626.5 10.3 1081.8 11626.5 10.3 1081.8 11170.3 5.9 625.6
1949 9288.7 10377.0 11.7 1088.: 10377.0 11.7 1088.3 9578.7 3.1 290.0
1950 9409.8 9450.6 0.4 40.; 9450.6 0.4 40.7 8342.7 -11.3 -1067.1
1951 9589.0 9649.3 0.6 60.3 9649.3 0.6 60.3 8867.2 -7.5 -721.7
1952 9976.3 13418.8 34.5 3442.5 13418.8 34.5 3442.5 12636.7 26.7 2660.5
1953 10107.6 13572.9 34.3 3465.3 13572.9 34.3 3465.3 12839.8 27.0 2732,2
1954 10178.6 10264.9 0,8 86.~ 10264.9 0.8 86.4 9662.1 -5.1 -516.5
1955 8923.7 9295.0 4.2 371.2 9295.0 4.2 371.2 8822.5 -1.1 -101.2
1956 10013.2 13372.6 33.5 3359.4 13372.6 33.5 3359.4 12753.5 27.4 2740.3
1957 9758.7 12674.9 29.9 2916.3 12674.9 29.9 2916.3 11925.5 22,2 2166.8
1958 10013.4 13561.8 35.4 3548., 13561.8 35.4 3548.4 12828.7 28.1 2815.3
1959 8910.0 11244.6 26.2 2334.! 11244.6 26.2 2334.6 10446.3 17.2 1536.3
1960 9281.6 9570.7 3.1 289.1 ! 9570.7 3.1 289.1 8674.6 -6.5 -607.0
1961 9346.9 9358.3 0.1 11.4 ! 9358.3 0.1 11.4 8674.0 -7.2 -672.9
1962 9442.9 10117.4 7.1 674.5! 10117.4 7.1 674.5 9367.9 -0.8 -74.9
1963 9811.8 13063.6 33.1 3251.9 13063.6 33.1 3251.9 12249.0 24.8 2437.3
1954 9426.0 9736.7 3.3 310.8 9736.7 3.3 310.8 9003.6 -4.5 -422.4
1965 10129.0 12898.6 27.3 2769.6 12898.6 27.3 2769.6 11953.7 18.0 1824.7
1966 8902.9 10817.2 21.5 1914.3 10817.2 21.5 1914.3 10133.0 13.8 1230.0
1967 9534.0 12753.3 33.8 3219.3 12753.3 33.8 3219.3 12411.2 30.2 2877.2
1968 7822.2 8653.1 10.6 830.9 8653.1 10.6 830.9 8082.9 3.3 260.7
1969 9531.4 13234.5 38.9 3703.2 13234.5 38.9 3703.2 12322.2 29.3 2790.8
1970 9010.4 10027.0 11.3 1016.6! 10027.0 . 11.3 1016.6 9391.7 4.2 381.2
1971 10334.0 13722.7 32.8 3388.7; 13722.7 32.8 3388.7 13168.8 27.4 2834.8
1972 8701.5 9703.5 11.5 1002.0 9703.5 11.5 1002.0 9051.8 4.0 350.3
1973 10219.8 11721.9 14.7 1502: 11721.9 14.7 1502.1 11119.1 8.8 899.3
1974 10065.4 13534.0 34.5 3468.6 13534.0 34.5 3468.6 12800.9 27.2 2735.4
1975 9960.8 13437.5 34.9 3476.7 13437.5 34.9 3476.7 12753.2 28.0 2792.4
1976 9113.8 9776.3 7.3 662.5 9776.3 7.3 662.5 9108.3 -0.1 -5.4
1977 5096.5 6645.2 30.4 1548.7 6645.2 30.4 1548.7 6123.9 20.2 1027.3
1978 9946.6 12574.5 26.4 2627.9 12574.5 26.4 2627.9 12183.5 22.5 2236.9
1979 7471.6 7869.1 5.3 397.5 7869.1 5.3 397.5 7494.4 0.3 22.8
1980 9594.4 12437.4 29.6 2842.9 12437.4 29.6 2842.9 11508.7 20.0 1914.3
1981 8238.2 8327.8 1.1 89.6 8344.1 1.3 105.9 7480.6 -9.2 -757.6
1982 9801.6 13138.2 34.0 3336.6 13138.2 34.0 3336.6 12584.3 28.4 2782.7
1983 10179.7 13812.8 35.7 3633.1 13812.6 35.7 3633.1 12933.1 27.0 2753.3
1984 9658.8 13163.2 36.3 3504.4 13163.2 36.3 3504.4 12169.4 26.0 2510.6
1985 8406.7 9060.8 7.8 654.1 9060.8 7.8 654.1 8148.4 -3.1 -258.2
1986 9822.4 10654.9 8.5 832.5 10654.9 8.5 832.5 10329.1 5.2 506.7
1987 8099.0 8487.0 4.8 388.0 8487.0 4.8 388.0 7574.7 -6.5 -524.3
1988 8177.8 9890.1 20.9 1712.3 9890.1 20.9 1712.3 8994.1 10.0 816.2
1989 8273.8 8539.6 3.2 265.8 8572.2 3.6 298.3 7904.2 -4.5 -369.6
1990 9051.2 10106.0 11.7 1054.8 10106.0 11.7 1054.8 9405.4 3.9 354.2
1991 5203.2 6442.3 23.8 1239.’ 6474.9 24.4 1271.7 5611.5 7.8 408.3

Mean 9185.3 10667.4 16.2 1482.2 10669.5 16.3 1484.3 9976.4 8.5 791.2
Median 9532.7 10144.8 11.7 1065.8 10144.8 11.7 1065.8 9444.1 5.5 497.2

11851.8 13812.8 39.3 3703.2 13812.8 39.3 3703.2 13168.8 30.2 2877.2
4858.3 5935.2 -7.8 -819.5 5935.2 -7.7 -803.2 5397.6 -11.3 -1067.1

Aft- Base > 0 65 65 45
Aft- Base > -100 65 65 47

Rel Dif < = ~1.0% 0 0 2
Rel Dif < = -2.0% 1 1 1
Rel Dif < = -3.0% 0 0 0
Rel Dif < = ~5.0% 3 3 6

SUBJECT TO REVISION November 17, 1996

C--086068
C-086068



September Sacramento River Flow Below Red Bluff Diversion Dam
2020 H trolo~
Existin~l ~ Project - Screen Only Prolect with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year (cfs) (cfs) (%)    (cfs) (cfs) (%)    (cfs) (cfs) (%)    (cfs)
1922 8168 1 5792.6 -29.1 -2375.4 5792.6 -29.1 -2375.4 5792.6 -29.1 -2375.4
1923 6431,1! 6518.6 1,4 87,5 6518,6 1.4 87,5 6518,6 1,4 87,5
1924 4767,9 5423,2 13,7 655.3 5423,2 13,7 655,3 5423,2 13,7 655,3
1925 6375,1 ~ 6328,0 -0,7 -47.1 6328,0 -0,7 -47,1 6328,0 -0,7 -47,1
1926 5888,3 5810,8 -1,3 -77,5 5810,8 -1.3 -77,5 5810,8 -1,3 -77,5
1927 9715,4 6636,2 -31,7 -3079,1 6636,2 -31,7 -3079,1 6636,2 -31,7 -3079,1
1928 7043,3 7777,3 10,4 734,0 7777.3 10,4 734,0 7777,3 10,4 734,0
1929 6008,3 5905,6 -1,7 -102,7 5905,6 -1,7 -102,7 5905,6 -1,7 -102,7
1930 6331,4 6313,6 -0,3 -17,7 6313,6 -0.3 -17,7 6313,6 -0.3 -17,7
1931 4609,6 5278,2 14,5 668,6 5278,2 14,5 668,6 5278,2 14,5 668,6
1932 4480,1 5189,0 15,8 708,9 5189,0 15,8 708,9 5189,0 15,8 708,9
1933 4762,6 5419,1 13,8 656.6 5419,1 13.8 656,6 5419,1 13,8 656,6
1934 4944,0 5606.2 13,4 662,2 5606.2 13,4 662,2 5606,2 13.4 662,-*
1935 5941,5 7003,8 17,9 1062,3 7003,8 17,9 1062.3 7003,8 17,9 1062,3
1936 5935,9 5735,6 -3,4 -200,3 5735,6 -3,4 -200.3 5735,6 -3,4 -200,3
1937 6378,7 6173,3 -3.2 -205.4 6173,3 -3.2 -205,4 6173.3 -3,2 -205,4
1938 11700.2 7905,6 -32,4 -3794,6 7905,6 -32,4 -3794,6 7905,6 -32,4 -3794,6
1939 5977,2 5927,2 -0,8 -50,1 5927,2 -0,8 -50.1 5927,2 -0,8 -50.1
1940 6033,2 6592.1 9,3 558.9 6592,1 9.3 558,9 6592,1 9,3 558,9
1941 11428,1 7729,4 -32,4 -3698,7 7729,4 -32,4 -3698,7 7729,4 -32,4 -3698,7
1942 11341,2 J7642.5 -32.6 -3698,7 7642,5 -32,6 -3698,7 7642,5 -32,6 -3698,7
1943 10984,6 6555,3 -40,3 -4429,3 6555.3 -40,3 -4429,3 6555,3 -40,3 -4429.3
1944 5589,3 5487,5 -1.8 -101,8 5487,5 -1,8 -101,8 5487,5 -1,8 -101,8
1945 6042,6 6966.9 15,3 924,2 6966,9 15,3 924.2 6966,9 15,3 924.2
1946 5507,6 6544,7 18,8 1037,0 6544.7 18,8 1037,0 6544,7 18,8 1037,0
1947 5617,4 5505,5 -2.0 -111,9 5505,5 -2,0 -111,9 5505,5 -2,0 -111,9
1948 9007,6 6133,8 -31.9 -2873,7 6133,8 -31,9 -2873,7 6133,8 -31,9 -2873,7
1949 5675,8 5566.4 -1,9 -109,4 5566.4 -1,9 -109,4 5566.4 -1,9 -109,4
1950 5846,3 5804,2 -0,7 -42.1 5804,2 -0,7 -42,1 5804,2 -0,7 -42,1
1951 5758,6 5662.6 -1,7 -96,0 5662,6 -1,7 -96.0 5662,6 -1.7 -96,0
1952 11641,5 7633,1 -34,4 -4008,4 7633.1 -34,4 -4008.4 7633,1 -34,4 -4008.4
1953 11638,0 7929,2 -31,9 -3708,8 7929,2 -31,9 -3708,8 7929,2 -31,9 -3708,8
1954 7693,0 6455,7 -16,1 -1237.4 6455,7 -16,1 -1237,4 6455,7 -16,1 -1237,4
1955 6142,0 6089,4 -0,9 -52,7 6089,4 -0,9 -52,7 6089,4 -0,9 -52,7
1956 11720,0 7654,3 -34,7 -4065,7 7654,3 -34,7 -4065,7 7654,3 -34,7 -4065,7
1957 12283,5 7808,7 -36,4 -4474,7 7808,7 -36,4 -4474,7 7808,7 -36,4 -4474,7
1958 11959,5 8260,8 -30.9 -3698,7 8260.8 -30,9 -3698,7 8260,8 -30,9 -3698,7
1959 6570,9 6673.6 1,6 102,7 6673.6 1,6 102.7 6673,6 1.6 102,7
1960 5811,1 5821,8 0,2 10.7 5821,8 0.2 10,7 5821.8 0,2 10,7
1961 6106,4 6047,5 -1.0 -58,9 6047.5 -1,0 -58,9 6047,5 -1.0 -58,9
1962 6557,0 6791,0 3,6 234,0 6791,0 3,6 234,0 6791.0 3,6 234,0
1963 11510.1 6335.0 -45.0 -5175.1 6335.0 -45.0 -5175.1 6335.0 -45.0 -5175.1
1964 6007.9 5924.3 -1.4 -83.6 5924.3 -1.4 -83.6 5924.3 -1.4 -83,6
1965 10357.3 5980.2 -42.3 -4377.1 5980.2 -42.3 -4377.1 5980.2 -42.3 -4377.1
1966 6771,5 6975.2 3.0 203.7 6975.2 3.0 203.7 6975.2 3.0 203.7
1967 10833.7 6199.0 -42.8 -4634.7 6199.0 -42.8 -4634.7 6199.0 -42.8 -4634.7
1968 6162.6 7536.3 22.3 1373.7 7536.3 22.3 1373.7 7536.3 22.3 1373.7
1969 11612.8 7914.1 -31.8 -3698.7 7914.1 -31.8 -3698.7 7914.1 -31.8 -3698.7
1970 5951.2 6018.6 1.1 67.3 6018.6 1.1 67.3 6018.6 1.1 67.3
1971 12132.1 7103.5 -41.4 -5028.6 7103.5 -41.4 -5028.6 7103.5 -41.4 -5028.6
1972 6401,9 7319.4 14.3 917,5 7319.4 14,3 917.5 7319,4 14,3 917,5
1973 9957,2 6607,1 -33.6 -3350,2 6607.1 -33,6 -3350,2 6607,1 -33.6 -3350,2
1974 11752.8 8044,1 -31.6 -3708,8 8044,1 -31,6 -3708.8 8044,1 -31,6 -3708.8
1975 11609,3 7898,9 -32,0 -3710,4 7898.9 -32,0 -3710.4 7898,9 -32,0 -3710.4
1976 6231,8 6204.5 -0,4 -27,3 6204,5 -0,4 -27,3 6204,5 -0,4 -27,3
1977 5402,8 5509,8 2,0 107,0 5509,6 2,0 107,0 5509,8 2,0 107,0
1978 11989,9 7198.6 -40,0 -4791,2 7198.6 -40,0 -4791,2 7198,6 -40.0 -4791,2
1979 6188,1 7359,9 18.9 1171,7 7359,9 18,9 1171,7 7359,9 18,9 1171,7
1980 10045,7 6374,0 -36,6 -3671,7 6374.0 -36,6 -3671,7 6374,0 -36,6 -3671,7
1981 6103,9 6073,6 -0.5 -30,3 6073.6 -0,5 -30.3 6073,6 -0.5 -30,3
1982 12219,6 7236,5 -40.8 -4983,2 7236.5 -40,8 -4983,2 7236,5 -40.8 -4983,2
1983 12254,0 8641,2 -29,5 -3612,8 8641,2 -29,5 -3612,8 8641,2 -29,5 -3612,8
1984 11625,4 6684.3 -42,5 -4941,1 6684,3 -42,5 -4941,1 6684.3 -42,5 -4941,1
1985 6848,7 6909,3 0.9 60,6 6909,3 0,9 60,6 6909,3 0,9 60,6
1986 6745,9 6818,3 1,1 72,4 6818.3 1,1 72,4 6818,3 1,1 72.4
1987 5745,1 5656,1 -1,5 -89,0 5656,1 -1,5 -89,0 5656,1 -1,5 -89.0
1988 5549,6 5490,7 -1,1 -58,9 5490.7 -1,1 -58.9 5490,7 . -1.1 -58,9
1989 6565.~ 6720.1 2.4 154.8 6720,1 2.4 154.8 6720.1 2.4 154.8
1990 5926.5 5815.9 -1.9 -110.6 5815.9 -1.9 -110.6 5815.9 -1.9 -110.6
1991 4550.0 4511.3 -0.8 -38.7 4511.3 -0.8 -38.7 4511.3 -0.8 -38,7

Mean 7820,91 6530.9 -10,3 -1290.1 6530,9 -10,3 -1290,~ 6530,9 -10,3 -1290,1
Median 6390,3 6414,8 -1,5 -86,3 6414,8 -1,5 -86,3 6414.8 -1,5 -86,3

12283,5 8641,2 22.3 1373.7 8641,2 22,3 1373.7 8641,2 22,3 1373,7
4480,1 4511,3 -45,0 -5175,1 4511,3 -45,0 -5175,1 4511,3 -45,0 -5175,1

Air- Base > 0 23 23 23
AIt- Base > -100 37 37 37
<RelDif<= -1,0% 9 9 9

Rel Dif<= -2,0% 10 10 10
Rel Dif < = -3.0% 0 0 0
Rel Dif < = -5,0% 2 2 2

SUBJECT TO REVISION November 199617,

C--086069
C-086069



October Sacramento River Flow Below Red Bluff Diversion Dam
2020 H drology
Existin~l Project - Screen Onl]/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Differen~
Year (cfs) (cfs) (%) (c~s) (cfs) (%1 (cfs) (cfs) (%) (cfs)
1922 5073.7 4555.6 -10.2 -518.1 4555.6 -10.2 -518.1 4555.6 -10.2 -518,1
1923 7230.4 6964.8 -3.7 -265.6 6964.8 -3.7 -265.6 6964.8 -3.7 -265.4
1924 4623.9 6622.9 43.2 1999.0 6622.9 43.2 1999.0 6622.9 43.2 1999.(
1925 4149.3 4321.3 4.1 172.1 4321.3 4.1 172.1 4321.3 4.1 172.1
1926 4825.3 3842.9 -20.4 -982.4 3842.9 -20.4 -982.4 3842.9 -20.4 -982.=
1927 4337.7 3859.7 -11.0 -478.0 3859.7 -11.0 -478.0 3859.7 -11.0 -478.(:
1928 6814.5 6045.5 -11.3 -769.0 6045.5 -11.3 -769.0 6045.5 -11.3 -769,(:
1929 6031.5 5951.7 -1.3 -79.8 5951.7 -1.3 -79.8 5951.7 -1.3 -79.~
1930 6378.9 4849.1 -24.0 -1529.8 4849.1 -24.0 -1529.8 4849.1 -24.0 -1529.~
1931 3717.8 4000.8 7,6 283.1 4000.8 7.6 283.1 4000.8 7.6 283.1
1932 5497.4 4447.7 -19.1 -1049,8 4447.7 -19.1 -1049.8 4447.7 -19.1 -1049.1~
1933 3732.7 4224.8 13.2 492.1 4224.8 13.2 492,1 4224.8 13.2 492.1
1934 6011.0 4515.4 -24.9 -1495.6 4515.4 -24.9 -1495.6 4515.4 -24.9 -1495.(~
1935 5404.9 4262,5 -21,1 -1142.4 4262.5 -21.1 -1142.4 4262.5 -21.1 -1142.zl
1936 4630.7 5510.5 19.0 879.8 5510.5 19.0 879,8 5510.5 19.0 879.~
1937 5198.4 4458.7 -14.2 -739.7 4458.7 -14,2 -739,7 4458.7 -14.2 -739,7
1938 4432.1 5339.5 20.5 907.5 5339.5 20.5 907,5 5339,5 20.5 907.~
1939 11841.2 7799.2 -34.1 -4042.0 7799.2 -34.1 -4042,0 7799.2 -34.1 -4042,(~
1940 4759.0 4249.0 -10.7 -509.9 4249.0 -10.7 -509,9 4249.0 -10.7 -509,9
1941 4971.5 5263.1 5.9 291.6 5263.1 5.9 291.6 5263.1 5.9 291.6
1942 12069.6 7511.1 -37.8 -4558.5 7511.1 -37.8 -4558.5 7511.1 -37.8 -4558.5
1943 11810.5 7221.0 -38.9 -4589.4 7221.0 -38.9 -4589,4 7221.0 -38.9 -4589.4
1944 6941.4 6245.7 -10,0 -695.7 6245.7 -10.0 -695,7 6245.7 -10.0 -695.7
1945 4409.9 3882.4 -12.0 -527.6 3882.4 -12.0 -527,6 3882,4 -12,0 -527.6
1946 6206.8’ 5998.2 -3.4 -208.5 5998.2 -3.4 -208.5 5998.2 -3.4 -208.5
1947 5045,5 6959.9 37.9 1914.3 6959,9 37.9 1914,3 6959.9 37.9 1914.3
1948 4486.1 4694.3 4.6 208.2 4694.3 4.6 208,2 4694.3 4.6 208.2
1949 6305.7 6069.5 -3.7 -236.2 6069.5 -3.7 -236,2 6069.5 -3.7 -236,2
1950 5203.5 4876,1 -6.3 -327.5 4876.1 -6.3 -327,5 4876.1 -6.3 -327.5
1951 7273.4 8785.3 20.8 1511.9 8785.3 20.8 1511,9 8785.3 20.8 1511.9
1952 6241.7 5953,3 -4.6 -288.4 5953.3 -4.6 -288,4 5953.3 -4.6 -288.4
1953 8795.4 6965.8 -20.8 -1829.6 6965.8 -20.8 -1829,6 6965.8 -20.8 -1829.6
1954 11845.3 7340.6 -38.0 -4504.7 7340.6 -38.0 -4504.7 7340.6 -38.0 -4504.7
1955 7224.5 7203.4 -0.3 -21.2 7203.4 -0.3 -21.2 7203.4 -0.3 -21,2
1956 5030.4 3838.2 -23.7 -1192.2 3838.2 -23.7 -1192,2 3838.2 -23.7 -1192.2
1957 10665.8 7945.1 -25.5 -2720.8 7945,1 -25.5 -2720,8 7945,1 -25.5 -2720.8
1958 12095.7 9914.2 -18.0 -2181.5 9914.2 -18.0 -2181,5 9914.2 -18.0 -2181.5
1959 12180.9 7536.1 -38.1 -4644.8 7536.1 -38.1 -4644,8 7536.1 -38.1 -4644.8
1960 6535.9 7231.5 10.6 695.7 7231.5 10.6 695,7 7231.5 10,6 695.7
1961 5315.2 4287.5 -19.3 -1027.7 4287.5 -19,3 -1027,7 4287.5 -19,3 -1027.7
1962 5291.8 4275.1 -19.2 -1016.6 4275.1 -19.2 -1016,6 4275.1 -19.2 -1016.6
1963 13255,5 9428.6 -28.9 -3827.0 9428.6 -28.9 -3827.0 9428.6 -28.9 -3827.0
1964 8478.9 8252.4 -2.7 -226.5 8252.4 -2.7 -226.5 8252.4 -2.7 -226.5
1965 4917.1 4148.8 -15.6 -768.3 4148.8 -15.6 -768.3 4148.8 -15.6 -768.3
1966 6563.8 6881.5 4.8 317.7 6881.5 4.8 317.7 6881.5 4.8 317.7
1967 6770.5 6997.0 3.3 226.5 6997.0 3.3 226,5 6997.0 3.3 226.5
1968 10041.3 6844.8 -31.8 -3196.5 6844.8 -31.8 -3196.5 6844.8 -31.8 -3196.5
1969 5257.2 6339.0 20.6 1081.8 6339,0 20.6 1081,8 6339.0 20.6 1081,8
1970 11553.9 7906,1 -31.6 -3647.8 7906.1 -31.6 -3647.8 7906.1 -31.6 -3647.8
1971 6603.5 7147,7 8.2 544.2 7147.7 8.2 544.2 7147.7 8.2 544.2
1972 11461.9 7636.5 -33.4 -3825.3 7636.5 -33.4 -3825.3 7636.5 -33.4 -3825.3
1973 8630.2 6851.2 -20.6 -1779: 6851.2 -20.6 -1779,1 6851.2 -20.6 -1779.1
1974 9330:3 8240,4 -11.7 -1089.9 8240.4 -11.7 -1089,9 8240.4 -11.7 -1089.9
1975 12246.1 7718.6 -37,0 -4527.5 7718.6 -37.0 -4527,5 7718.6 -37.0 -4527.5
1976 13008.0 8544.0 -34.3 -4464.0 8544.0 -34.3 -4464.0 8544.0 -34.3 -4464.0
1977 5438.8 4155,6 -23.6 -1283.2 4155.6 -23.6 -1283.2 4155.6 -23.6 -1283.2
1978 4943.6 5408.6 9.4 465,0 5408.6 9.4 465.0 5408.6 9.4 465.0
1979 6706.7 6649.7 -0.9 -57.0 6649.7 -0.9 -57,0 6649.7 -0.9 -57.0
1980 7950.3 6081.6 -23.5 -1868.7 6081.6 -23.5 -1868,7 6081.6 -23.5 -1868.7
1981 6786.2 6802.5 0.2 16.3 6802.5 0.2 16,3 6802.5 0.2 16.3
1982 4448.7 4562.8 2.6 114.0 4562.8 2.6 114.0 4562.8 2.6 114.0
1983 9638.0 8321,6 -13.7 -1316.4 8321.6 -13.7 -1316,4 8321.6 -13.7 -1316.4
1984 12360.7 7756.6 -37.2 -4604.1 7756.6 -37.2 -4604.’ 7756.6 -37.2 -4604.1
1985 8830.1 8263,1 -6.4 -567.0 8263.1 -6.4 -567.( 8263.1 -6.4 -567.0
1986 5054.7 4514,5 -10.7 -540.2 4514.5 -10.7 -540.2 4514.5 -10.7 -540.2
1987 4704.4 4658,8 -1.0 -45.6 4658.8 -1.0 -45,6 4658.8 -1.0 -45.6
1988 5046.9 4523.5 -10.4 -523.4 4523.5 -10.4 -523,4 4523,5 -10.4 -523.4
1989 5170.3 4551,2 -12.0 -619.1 4551.2 -12.0 -619,1 4551.2 -12.0 -619.1
1990 4398.5 4558.1 3.6 159.6 4558.1 3.6 159,6 4558.1 3.6 159.6
1991 5978.0 4597.8 -23.1 -1380.2 4597.8 -23.1 -1380,2 4597.8 -23.1 -1380.2

Mean 7088.7 6059.4 -9.9 -1029.3 6059.4 ’ -9.9 -1029.3 6059.4 -9.9 -1029.3
Median 6224.2 6057.5 -10,9 -553.6 6057.5 -10.9 -553,6 6057.5 -10.9 -553.6

13255.5 9914.2 43.2 1999.0 9914.2 43.2 1999,0 9914,2 43.2 1999,0
3717,8 3838.2 -38.9 -4644.8 3838.2 -38.9 -4644.8 3838.2 -38.9 -4644.8

Aft- Base > 0 19 19 19
hit- Base > -100 23 23 23

Rel Dif < = -1.0% 3 3 3
Rel Dif < = -2.0% 1 1 1
Rel Dif < = -3.0% 1 1 1
Rel Dif < = -5.0% 4 4 4

SUBJECT TO REVISION November 17, 1996
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November Sacramento River Flow Below Red Bluff Diversion Dam
2020
Existin~l Project - Screen Only Project with GF No Proiect I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Flow Change Difference
Year lcfs) (cfs) (%)    (cfs) (cfs! !%)    (cfs) (cfs) !%! (cfs)
1922 4675.6 5894.4 26.1 1218.9 5894.4 26.1 1218.9 5894.4 26.1 1218.9
1923 6641.9 6776.6 2.0 134.7! 6776.6 2.0 134.7 6776.6 2.0 134.7
1924 4949.6 5877.2 18.7 927.6 5877.2 18.7 927.6 5877.2 18,7 927.6
1925 5156.8 5318.8 3.1 162.0 5318.8 3.1 162.0 5318.8 3.1 162.0
1926 4675.8 3847.5 -17.7 -828.3 3847.5 -17.7 -828.3 3847.5 -17.7 -828.3
1927 7152.2 9906.3 38.5 2754.1 9906.3 38.5 2754.1 9906.3 38.5 2754.1

1929 6827.9 6920.5 1.4 92.6 6920.5 1.4 92.6 6920.5 1.4 92.6
1930 4939.9 4296.8 -13.0 -643.1 4296.8 -13.0 -643.1 4296.8 -13.0 -643.1
1931 4052.2 4274.4 5.5 222.2 4274.4 5.5 222.2 4274.4 5.5 222.2
1932 5044.0 4226.2 -16.2 -817.8 4226.2 -16.2 -817.8 4226.2 -16.2 -817.8
1933 3678.7 3962.5 7.7 283.8 3962.5 7.7 283.8 3962.5 7.7 283.8
1934 5208.0 3916.8 -24.8 -1291.2 3916.8 -24.8 -1291.2 3916.8 -24,8 -1291,2
1935 7422.9 6871,7 -7.4 -551,2 6871.7 -7,4 -551.2 6871.7 -7.4 -551.2
1936 4793.8 5709.6 19.1 915.8 5709.6 19.1 915.8 5709.6 19.1 915.8
1937 4870.8 5793.4 18.9 922.6 5793.4 18.9 922.6 5793.4 18,9 922.6
1938 10765.0 11366.0 5.6 601.0 11366.0 5.6 601.0 11366.0 5.6 601.0
1939 6705.7 6990.3 4.2 284.5 6990,3 4.2 284.5 6990.3 4.2 284.5
1940 4852.4 4274.1 -11.9 -578.3 4274.1 -11.9 -578.3 4274.1 -11.9 -578.3
1941 6200.0 5937.4 -4.2 -262.6 5937.4 -4.2 -262.6 5937,4 -4.2 -262.6
1942 9718.2 9294.0 -4.4 -424.2 9294.0 -4.4 -424.2 9294.0 -4.4 -424.2
1943 7615.6 7435.4 -2.4 -180.1 7435.4 -2.4 -180.1 7435.4 -2.4 -180.1
1944 5794.8 6220.7 7.4 425.9 6220.7 7,4 425.9 6220.7 7.4 425.9
1945 6394.5 6398.0 0.1 3.5 6398.0 0.1 3.5 6398,0 0.1 3.5

1947 5350.7 5133.5 -4.1 -217,2 5133.5 -4.1 -217.2 5133.5 -4.1 -217.2
1948 4347.6 4394.9 1.1 47.3 4394.9 1.1 47.3 4394.9 1.1 47.3
1949 5653.9 5689.2 0.6 35.4 5689.2 0.6 35.4 5689.2 0.6 35.4
1950 4994.5 4974.3 -0.4 -20.2 4974.3 -0.4 -20.2 4974.3 -0.4 -20.2
1951 13931.5 13973,5 0.3 42.1 13973.5 0.3 42,1 13973.5 0.3 42.1
1952 9958.3 8756.2 -12.1 -1202.0 8756.2 -12.1 -1202,01 8756.2 -12.1 -1202.0
1953 6342.6 6443.6 1.6 101.0 6443.6 1.6 101.0; 6443.6 1.6 101.0
1954 9591.6 8589.9 -10.4 -1001.7 8589.9 -10.4 -1001.7 8589.9 -10.4 -1001.7
1955 10245.5 9324.6 -9.0 -920.9 9324.6 -9.0 -920.91 9324,6 -9.0 -920.9
1956 6390.7 5927.5 -7.2 -463.2 5927.5 -7.2 -463.2i 5927.5 -7.2 -463.2
1957 6571.5 7021.0 6.8 449.5 7021.0 6.8 449.51 7021.0 6.8 449.5
1958 10124.8 10794.8 6.6 670.0 10794.8 6.6 670.0 10794.8 6.6 670.0
1959 11953.5 10450,1 -12.6 -1503.4 10450.1 -12.6 -1503.4 10450.1 -12.6 -1503.4
1960 7048.2 7017.9 -0.4 -30.3 7017.9 -0.4 -30.3 7017.9 -0.4 -30.3
1961 6286.7 6791.2 8.0 504.5 6791.2 8.0 504.5 6791,2 8.0 504.5
1962 5825.5 6256.4 7.4 431.0 6256.4 7.4 431.0 6256.4 7.4 431.0
1963 7584.7 7527.4 -0.8 -57,2 7527.4 -0.8 -57.2 7527.4 -0.8 -57.2
1964 13371.4 12022.9 -10.1 -1348.5 12022.9 -10.1 -1348.5 12022.9 -10.1 -1348.5
1965 6846.3 6636.3 -3.1 -210.1 6636.3 -3.1 -210.1 6636.3 -3,1 -210.1
1966 13286.8 12248.1 -7.8 -1038.7 12248.1 -7.8 -1038.7 12248.1 -7.8 -1038.7
1967 9510.6 6823.8 -28.3 -2686.9 6823.8 -28.3 -2686.9 6823.8 -26.3 -2686.9
1968 6354.4 6773.6 6.6 419.2 6773.6 6.6 419.2 6773.6 6.6 419.2
1969 7014.0 6273.2 -10.6 -740.7 6273.2 -10.6 -740.7 6273.2 -10.6 -740.7
1970 6804.5 7163.1 5.3 358.6 7163.1 5.3 358.6 7163.1 5.3 358.6
1971 18232.8 16350.6 -10.3 -1882.2 16350.6 -10.3 -1882.2 16350.6 -10.3 -1882.2
1972 7500.5 7488.7 -0.2 -11.8 7488.7 -0.2 -11.8 7488.7 -0.2 -11.8
1973 12825.4 9985.3 -22,1 -2840.1 9985.3 -22,1 -2840.1 9985.3 -22.1 -2840.1
1974 35967.8 37479.6 4.2 1511.8 37479.6 4.2 1511.8 37479.6 4.2 1511.8
1975 9639.9 9333.5 -3.2 -306.4 9333.5 -3.2 -306.4 9333.5 -3.2 -306.4
1976 8687.3 8855.7 1.9 168.4 8855.7 1.9 168.4 8855.7 1.9 168.4
1977 4922.8 4365.5 -11.3 -557.3 4365.5 -11.3 -557.3 4365.5 -11.3 -557.3
1978 5570,9 5836.4 4.8 265.5 5836.4 4.8 265.5 5836.4 4.8 265.5
1979 5888.6 5989.6 1.7 101.0 5989,6 1.7 101.0 5989.6 1.7 101.0
1980 9202.8 8691.0 -5.6 -511.8 8691.0 -5.6 -511.8 8691.0 -5.6 -511.8
1981 5171.8 5188.6 0.3 16.8 5188.6 0.3 16,8i 5188.6 0.3 16.8
1982 21003.4 24798.0 18.1 3794.6 24798.0 18.1 3794.6 24798.0 18.1 3794.6
1983 10846.6 10171,5 -6.2 -675.1 10171.5 -6.2 -675.1 10171.5 -6.2 -675.1
1984 26614.4 29383.8 10.4 2769.4 29383.8 10.4 2769.4 29383.8 10.4 2769.4
1985 17591.4 16827.1 -4.3 -764.3 16827.1 -4,3 -764.3 16827.1 -4,3 -764.3
1986 5232.5 5138.4 -1.8 -94.2 5138.4 -1.8 -94.2 5138.4 -1,8 -94.2
1987 5170.4 5156.9 -0.3 -13.5 5156.9 -0.3 -13.5 5156.9 -0.3 -13.5
1988 5358.7 4895.5 -8.6 -463.2 4895.5 -8.6 -463.2 4895.5 -8.6 -463.2
1989 6951.4 6793.2 -2.3 -158.2 6793.2 -2.3 -158.2 6793,2 -2.3 -158.2
1990 3967.7 3883.8 -2.1 -83.8 3883.8 -2.1 -83.8; 3883.8 -2.1 -83.8
1991 4770.2 4449.6 -6.7 -320.5 4449.6 -6.7 -320.5 4449.6 -6.7 -320.5

Mean 8401.1 8278.0 -1.3 -123.1 8278.0 -1.3 -123.1 8278.0 -1.3 -123.1
Median 6673.8 6783.9 -0.6 -43.8 6783.9 -0.6 -43.8 6783.9 -0.6 -43.8

35967.8 37479.6 38.5 3794.6 37479.6 38.5 3794.6 37479.6 38.5 3794.6
3678.7 3847.5 -28.3 -2840.1 3847.5 -28.3 -2840.1 3847.5 -28.3 -2840.1

A~t- Base > 0 31 31 31
Alt- Base > -100 38 38 38

Rel Dif < = -1.0% 5 5 5
Rel Dif < = -2.0% 1 1 1
Rel Dif < = -3.0% 3 3 3
Rel Dif < = -5.0% 6 6 6
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December Sacramento River Flow Below Red Bluff Diversion Dam
2020 H drolo~y
Existing Project - Screen Only, Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Water Flow Flow Change Difference Flow Change Difference Row Change Difference
Year (cfs) (cfs) I%)     (cfs) Icfs) (%)     Icfs) (cfs) (%)     Icfs)
1922 7717.7 8597.4 11.4 879.8 8597.4 11.4 879.8 8597.4 11.4 879.8
1923 11393.1 11463.2 0.6 70.1 11463.2 0.6 70.1 11463.2 0.6 70.1
1924 6965.5 7421.7 6.5 456.; 7421.7 6.5 456.2 7421.7 6,5 456.2
1925 5701.8 5795.5 1.6 93.7 5795.5 1.6 93.7 5795.5 1.6 93.7
1926 4775.0 5978.9 25.2 1204.0 5978.9 25.2 1204.0 5978.9 25.2 1204.0
1927 18977.6 16603.3 -12.5 -2374.3 16603.3 -12.5 -2374.3 16603.3 -12.5 -2374,3
1928 9535.3 9312.1 -2.3 -223.2 9312.1 -2.3 -223.2 9312.1 -2,3 -223.2
1929 6656.5 6285.1 -5.6 -371.5 6285,1 -5.6 -371.5 6285.1 -5.6 -371.5
1930 7697.2 7847.1 1.9 149.9 7847.1 1.9 149.9 7847.1 1.9 149.9
1931 4005.3 4049.8 1.1 44.6 4049.8 1.1 44.6 4049.8 1.1 44.6
1932 9937.7 10161.7 2.3 224.0 10161.7 2.3 224.0 10161.7 2.3 224,0
1933 4462.4 4555,3 2.1 92.9 4555.3 2.1 92.9 4555.3 2.1 92.9
1934 6980.4 6840.3 -2.0 -140.1 6840.3 -2.0 -140.1 6840.3 -2.0 -140.1
1935 4901.5 4940.2 0.8 38.7 4940,2 0.8 38.7 4940.2 0.8 38.7
193"6 6325.5 6960,9 10.0 635.4 6960.9 10.0 635.4 6960.9 10.0 635.4
1937 5772.0 6057.1 4.9 285.1 6057.1 4.9 285.1 6057.1 4.9 285,1
1938 27312.7 25533.6 -6.5 -1779.1 25533.6 -6.5 -1779.1 25533.6 -6.5 -1779.1
1939 8719.9 8087.8 -7.2 -632.1 8087.8 -7.2 -632.1 8087.8 -7.2 -632.1
1940 7312.4 6596.4 -9.8 -716.0 6596.4 -9.8 -716.0 6596.4 -9.8 -716.0
1941 29360.5 28765.8 -2.0 -594.7 28765.8 -2.0 -594.7 28765.8 -2.0 -594.7
1942 27303.2 29160.5 6.8 1857.3 29160,5 6.8 1857.3 29160.5 6.8 1857.3
1943 11487.5 9340.2 -18.7 -2147.3 9340.2 -18.7 -2147.3 9340.2 -18.7 -2147.3
1944 5543.6 5608.7 1.2 65.." 5608.7 1.2 65.2 5606.7 1.2 65.2
1945 6896.0 8213.5 19.1 1317.6 8213.5 19.1 1317.6 8213.5 19.1 1317.6
1946 34020.3 35714.7 5.0 1694.4 35714.7 5.0 1694.4 35714.7 5.0 1694.4
1947 7725.8 6549.6 -15.2 -1176.3 6549.6 -15.2 -1176.3 6549.6 -15.2 -1176.3
1948 4201.4 4280.8 1.9 79.4 4280.8 1.9 79.4 4280.8 1.9 79.4
1949 6674.2 6902.3 3.4 228.1 6902.3 3,4 226.1 6902.3 3.4 228,1
1950 4488.0 4778.0 6.5 290.0 4778.0 6.5 290.0 4778.0 6.5 290.0
1951 22634.6 24361.5 7.6 1726.9 24361.5 7.6 1726.9 24361.5 7.6 1726.9
1952 26658.6 28147.7 5.6 1489.1 28147.7 5.6 1489.1 28147.7 5.6 1489.1
1953 21416.7 18986.0 -11.3 -2430.8 18986.0 -11.3 -2430.8 18986.0 -11.3 -2430.6
1954 8265.7 7193.7 -13.0 -1072.0 7193.7 -13.0 -1072.0 7193.7 -13.0 -1072.0
1955 13950.0 11744.0 -15.8 -2205.9 11744.0 -15.8 -2205.9 11744.0 -15.8 -2205.9
1956 43119.2 44538.7 3.3 1419.4 44538.7 3.3 1419.4 44538.7 3.3 1419.4
1957 6212.5 6399.8 3.0 187.z 6399.8 3.0 187.4 6399.8 3.0 187.4
1958 15778.6 14747.5 -6.5 -1031.3 14747,5 -6.5 -1031.3 14747.5 -6.5 -1031.3
1959 6957.1 7286.2 4.7 329.1 7286.2 4.7 329.1 7286.2 4.7 329.1
1960 7885.5 7461.9 -5.4 -423.6 7461.9 -5.4 -423.6 7461.9 -5.4 -423.6
1961 14834.0 13091.9 -11.7 -1742.0 13091,9 -11.7 -1742.0 13091,9 -11.7 -1742.0
1962 11553.4 11033.7 -4.5 -519.7 11033.7 -4.5 -519.7 11033.7 -4.5 -519.7
1963 15661,6 12621.5 -19.4 -3040.1 12621.5 -19.4 -3040.1 12621,5 -19.4 -3040.1
1964 7493.3 7529.1 0.5 35,8 7529.1 0.5 35.8 7529.1 0.5 35.8
1965 27747.4 30646.9 11.2 3099.6 30846.9 11.2 3099.6 30846.9 11.2 3099.6
1966 8935.3 8026.2 -10.2 -909.1 8026.2 -10.2 -909.1 8026.2 -10.2 -909,1
1967 18732.7 17584,1 -6.1 -1148.6 17584.1 -6.1 -1148.6 17584.1 -6.1 -1148.6
1968 8347.4 8106.3 -2.9 -241.1 8106.3 -2.9 -241.1 8106.3 -2.9 -241.1
1969 17188.7 13625.7 -20.7 -3563.0 13625.7 -20.7 -3563.( 13625.7 -20.7 -3563.0
1970 23313.9 23671.1 2.4 557.2 23871.1 2.4 557.2 23871.1 2.4 557.2
1971 27075.7 28030.5 3.5 954.7 28030.5 3.5 954.7 28030.5 3.5 954.7
1972 9737.9 8665.8 -11.0 -1072.0 8665.8 -11.0 -1072.0 8665.8 -11.0 -1072.0
1973 14449.5 12313.6 -14.8 -2135.9 12313.6 -14.8 -2135.9 12313.6 -14.8 -2135.9
1974 33069.1 33144.0 0.2 74.9 33144.0 0.2 74.9 33144.0 0.2 74.9
1975 9779.5 8951.8 -8.5 -827.6 8951.8 -8.5 -827.6 8951.8 -8.5 -827.6
1976 7663.1 7829.2 2.2 166.2 7829.2 2.2 166.2 7829.2 2.2 166.2
1977 5794.4 5685.7 -1.9 -108.8 5685.7 -1.9 -108.8 5685.7 -1.9 -108.8
1978 6580.6 8781.8 2.3 201.3 8781.8 2.3 201.3 8781.8 2.3 201.3
1979 5020.9 5020.9 0.0 0.0 5020.9 0.0 0.0 5020.9 0.0 0.0
1980 12151.4 11651.3 -4.1 -500.2 11651.3 -4.1 -500.2 11651.3 -4.1 -500.2
1981 8990.8 8539.5 -5.0 -451.3 8539.5 -5.0 -451.3 8539.5 -5.0 -451.3
1982 35561.4 35626.6 0.2 65.2 35626.6 0.2 65.2 35626.6 0.2 65.2
1983 20589.6 22314.9 8.4 1725.3 22314.9 8.4 1725,3 22314,9 8.4 1725,3
1984 45938.3 45970.9 0.1 32.6 45970.9 0.1 32,6 45970.9 0.1 32.6
1985 12061.1 10093,0 -16.3 -1968.~ 10093.0 -16.3 -1968,1 10093,0 -16.3 -1968.1
1986 6112.1 6240.4 2.1 128,3 6240.4 2.1 128,3 6240.4 2.1 128.3
1987 6062.1 5974.2 -1.5 -88.0 5974.2 -1.5 -88,0 5974.2 -1,5 -88.0
1988 8510.2 8629.6 ~ 1.4 119.3 8629.6 1.4 119.3 8629.6 1.4 119.3
1989 4859.2 4873.8 0.3 14.7 4873.8 0.3 14,7 4873.8 0.3 14.7
1990 4137.2 4128.8 -0.2 -8.4 4128.8 -0.2 -8.4 4128.8 -0.2 -8.4
1991 4944.7 4244.6 -14.2 -700.1 4244.6 -14.2 -700.1 4244.6 -14.2 -700.1

Mean 13151~8 12947.4 -1.7 -204.4 12947.4 -1.7 -204.4 12947.4 -1.7 -204.4
Median 8650.2 8568~5 0.2 34.2 8568.5 0.2 34.2 8568.5 0.2 34.2

45938.3 45970.9 25.2 3099.6 45970.9 25.2 3099.6 45970.9 25.2 3099.6
4005,3 4049.8 -20.7 -3563.0 4049.8 -20.7 -3563.0 4049.8 -20.7 -3563.0

AIt- Base’> 0 38 381 38
Aft- Base > -100 40 40 40

Rel Dif < = -1.0% 1 1 1
Rel Dif < = -2,0% 2 2 2
Ret Dif < = -3,0% 4 4 4
Rel Dif < = -5,0% 2 2 2
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I HYDROLOGY AND WATER RESOURCES
APPENDIX B TECHNICAL REPORT

!
B.6       SACRAMENTO RIVER TEMPERATURE DATA

I B.6.1 Description and Index

I This section contains tables of Sacramento River temperatures at Vina and Butte City under 1995
and 2020 hydrologic conditions for the project and no-project alternatives. Each table contains
the flows under existing, project, and no-project conditions. Statistical results are presented at

I the bottom of each table.

The project alternatives are identified in the tables and graphs as follows:

¯ Screen Extension Alternative = Project - Screen Only

i ¯ Screen Extension with Gradient Facility Alternative (with or without Internal Fish
Bypass) = Project with GF

I The following tables are contained in this section in the order listed:

Sacramento River Temperatures at Vina- 1995 Hydrology

I ¯ January
¯ February
¯ March

I ¯ Apdl
¯ May
¯ JuneI ¯ July
¯ August

I ¯ September
¯ October
¯ November

I ¯ December
Sacramento River Temperatures at Vina - 2020 Hydrology

¯ January

I ¯ February
¯ March
¯ April

i ¯ May
¯ June
¯ JulyI ¯ August
¯ September

I ¯ October
¯ November
¯ December

!
!
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HYDROLOGY AND WATER RESOURCES
TECI~INICAL REPORT APPENDIX

Sacramento River Temperatures at Butte City - 1995 Hydrology
¯ January
¯ February
¯ March
¯ April
¯ May
¯ June
¯ July
¯ August
¯ September
¯ October
¯ November
¯ December

Sacramento River Temperatures at Butte City - 2020 Hydrology
¯ January
¯ February
¯ March
¯ April
¯ May
¯ June
¯ July
¯ August
¯ September
¯ October
¯ November
¯ December

!
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!
I B.6.2 Vina- 1995 Hydrology

I
I
I

I
I
I
I
I
I
!
I
I
I
I
I
1
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January Sacramento River Temperature (F) at Vina
t995 H Irolog~
Exist|n~ Project - Screen Only/ Project with GF No Project I No Action

Relative Absolute Relative Absolute Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) IF) (%) (F) (F) !%) IF) (F) (%) (F)
1922 42.8 42.8 0.0 0.0 42,8 0.0 0.0 42.8 0,0 0.0
1923 43.4 43.4 0.0 0.0 43.4 0.0 0.0 43.4 0.0 0.0
1924 44.2 44,2 0.0 0.0 44.2 0.0 0.0 44.2 0.0 0.0
1925 44.2 44.2 0,0 0.0 44.2 0.0 0.0 44.2 0,0 0.0
1926 43.5 43.5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1927 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1928 44.2 44.2 0.0 0.0 44.2 0.0 0.0 44.2 0.0 0.0
1929 42.5 42.5 0.0 0.0 42.5 0.0 0.0 42.5 0.0 0.0
1930 43.6 43.6 0.0 0.0 43,6 0.0 0.0 43.6 0.0 0.0
1931 45.3 45.3 0.0 0.0 45.3 0.0 0.0 45.3 0.0 0.0
1932 43.5 43.5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1933 42.4! 42.4 0.0 0.0 42.4 0.0 0.0 42.4 0,0 0.0
1934 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0
1935 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1936 45,2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0
1937 39.2 39.2 0.0 0.0 39.2 0.0 0.0 39.2 0.0 0.0
1938 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1939 45.7 45.7 0.0 0.0 45.7 0.0 0.0 45.7 0.0 0.0
1940 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1941 45.9 45,9 0.0 0.0 45.9 0.0 0.0 45.9 0.0 0.0
1942 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0
1943 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1944 44,7 44,7 0.0 0.0 44.7 0.0 0.0 44.7 0.0 0.0
1945 44.6 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1946 44.6’ 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1947 43.5 43.5 0.0 0.0; 43.5 0.0 0.0 43.5 0.0 0.0
1948 47,1 47.1 0.0 0.0; 47.1 0.0 0,0 47.1 0.0 0.0
1949 40,4 40,4 0,0 0.0 40.4 0.0 0.0 40.4 0.0 0.0
1950 41.2 41.2 0.0 0.0 41.2 0.0 0.0 41.2 0.0 0o0
1951 44.2 44.2 0.0 0,0 44.2 0.0 0.0 44.2 0.0 0.0
1952 43.5 43.5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1953 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1954 45.3 45.3 0.0 0.01 45.3 0.0 0.0 45.3 0.0 0.0
1955 43.5 43.5 0.0 0,0; 43.5 0,0 0.0 43.5 0.0 0.0
1956 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0
1957 43.9 43.9 0.0 0.0 43.9 0.0 0.0 43.9 0.0 0.0
1958 45.3 45.3 0.0 0.0 45.3 0.0 0.0 45.3 0.0 0.0
1959 47.3 47.3 0.0 0.0 47.3 0.0 0,0 47.3 0.0 0.0
1960 44.1 44.1 0.0 0.0 44.1 0.0 0.0 44,1 0.0 0.0
1961 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1962 45.6 45.6 0.0 0.0 45,6 0.0 0.0 45.6 0.0 0.0
1963 44.0 44.0 0,0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1964 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1965 45.7 45.7 0.0 0.0 45.7 0.0 0.0 45.7 0.0 0.0
1966 44.3 44.3 0.0 0.0 44,3 0.0 0.0 44.3 0.0 0.0
1967 45.3 45.3 0.0 0.0 45.3 0.0 0.0 45.3 0.0 0.0
1968 44.0 44.0 0.0 0.0= 44.0 0.0 0.0 44.0 0.0 0.0
1969 43.5 43.5 0,0 0.01 43.5 0.0 0.0 43.5 0.0 0.0
1970 46.7 46.7 0,0 0.01 46.7 0.0 0,0 46.7 0.0 0.0
1971 44.7 44,7 0.0 0.0 44.7 0.0 0.0 44.7 0,0 0.0
1972 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0.0 0.0
1973 43.5 43.5 0.0 0.0 43.5 0.0 0,0 43.5 0.0 0.0
1974 44.9 44.9 0.0 0.0 44.9 0~0 0.0 44.9 0.0 0.0
1975 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1976 46.5 46.5 0.0 0.0 46,5 0.0 0.0 46.5 0.0 0.0
1977 45.6 45.6 0.0 0.0 45.6 0.0 0.0 45.6 0.0 0.0
1978 45.1 45.1 0.0 0.0 45.1 0.0 0.0 45.1 0.0 0.0
1979 44.6 44.6 0,0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1980 44.8 44.8 0.0 0.0 44.8 0.0 0.0 44.6 0.0 0.0
1981 45.1~ 45.1 0.0 0.0 45.1 0.0 0.0 45.1 0.0 0.0
1982 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0.0 0.0
1983 44.5 44.5 0.0 0.0 44.5 0.0 0.0 44.5 0.0 0.0
1984 45.7 45.7 0.0 0.0 45.7 0.0 0.0 45.7 0.0 0,0
1985 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0.0 0.0
1986 45.8 45.8 0.0 0.0 45.8 0.0 0.0 45.8 0.0 0.0
1987 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0.0 0.0
1988 44.3 44,3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1989 43.9 43.9 0.0 0.0 43.9 0.0 0,0 43.9 0,0 0.0
1990 44.4~ 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0

Mean 44.5 44.5 0.0 0.0 44.5 0.0 0.0 44.5 0o0 0.0
Median 44.4 44.4 0.0 ~0.0 44.4 0.0 0.0 44.4 0.0 0.0
Max 47.3 47.3 0.0 0,0 47.3 0.0 0.0 47.3 0.0 0.0
Min 39.2 39.2 0.0 0.0 39,2 0.0 0.0 39.2 0.0 0.0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0,0 0.0 0.0
Mean X ¯ 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X ¯ 65 0,0 0.0 0.0 0.0
Mean X ¯ 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X ¯ 70 ,        0.0 0.0 0.0 0.0
Mean X ¯ 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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February Sacramento River Temperature (F) at Vina I
1995 H’ ~rolo~ly

I Existin~l Proiect - Screen Only Proiect with GF No Pro~ect / No Action I
Relative Absolute          Relative Absolute          Relative Absolute

Temp Temp Change Difference Temp Change Difference Temp Change Difference
Year (F) (F) (%)    (F!    (F) !%) (F)    (F) (%)
1922 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1923 49,5 49,5 0,0 0,0 49,5 0,0 0,0 49.5 0,0 0.0 II
1924 49,3 49,3 0,0 0,0 49,3 0,0 0,0 49,3 0,0 0,0
1925 47.6 47,6 0,0 0.0 47,6 0,0 0,0 47,6 0,0 0,0
1926 48,2 48,2 0,0 0,0 48.2 0,0 0,0 48,2 0,0 0,0
1927 47,4 47,4 0,0 0,0 47.4 0,0 0,0 47,4 0,0 0,0
1928 48,2 48.2 0,0 0,0 48,2 0,0. 0,0 48,2 0,0 0,0 ¯
1929 46,7 46,7 0,0 0,0 46.7 0,0 0,0 46,7 0.0 0.0
1930 48,2 48.2 0.0 0,0 48,2 0,0 0,0 48,2 0,0 0,0
1931 49,0 49,0 0,0 0,0~ 49,0 0,0 0,0 49,0 0,0 0,0
1932 47,4 47,4 0,0 0,0 47,4 0,0 0,0 47,4 0,0 0,0
1933 45.5 45.5 0.0 0.01 45.5 0.0 0.0 45.5 0.0 0.0 ¯
1934 48.7 48.7 0.0 0.O 48.7 0.0 0.0 48.7 0.0 0.0
1935 47.7 47.7 0.0 0.0 47.7 0.0 0.0 47.7 0.0 0.0
1936 47.4 47.4 0.0 0 0 47.4 0.0 0.0 47.4 0.0 0.0
1937 45.8 45.8 0.0 0.0 45.8 0.0 0.0 45.8 0.0 0.0
1938 47.1 47.1 0.0 0.01 47.1 0.0 0.0 47.1 0.0 0.0 ¯
1939 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1940 47.9 47.9 0.0 0.01 47.9 0.0 0.0 47.9 0.0 0.0
1941 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1942 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1943 48,5 48,5 0,0 0,0 48,5 0,0 0,0 48,5 0,0 0,0 ¯
1944 47,0 47,0 0,0 0,01 47,0 0,0 0.0 47,0 0,0 0,0
1945 48,5 48,5 0,0 0,01 48,5 0,0 0.0 48,5 0,0 0,0
1946 45.6 45,6 0,0 0,0 45.6 0,0 0,0 45,6 0,0 0.0
1947 49.4 49,4 0,0 0,0 49,4 0,0 0.0 49.4 0,0 0,0
1948 46.4 46.4 0.0 0.01 46.4 0.0 0.0 46.4 0.0 0.0 ¯

I1949 45,0 45,0 0,0 0,0 45,0 0,0 0,0 45,0 0,0 0,0
1950 47,3 47,3 0,0 0,01 47,3 0,0 0.0 47.3 0,0 0,0
1951 47,0 47,0 0,0 0,0! 47,0 0,0 0,0 47,0 0,0 0.0
1952 46,9 46,9 0,0 0,0 46,9 0,0 0.0 46,9 0,0 0,0
1953 48.3 48.3 0.0 0.0 48.3 0.0 0.0 48.3 0.0 0.0 ¯
1954 49.1 49.1 0.0 0.0 49.1 0.0 0.0 49.1 0.0 0.0
1955 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1956 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0

0.0 49.6 0.01957 49.6 49.6 0.0
0.0

49.6 0.0 0.0 0.0
¯1958 48.3 48.3 0.0 48.3 0.0 0.0 48.3 0.0 0.0

1959 48.0 48.0 0.0 0.0 48.0 0.0 0.0 48.0 0.0 0.0
1960 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0

0.0 48.9 0.0 0.0 48.9 0.0 0.01961 48.9 48.9 0.0
0.01962 47.2 47.2 0.0 47.2 0.0 0.0 47.2 0.0 0.0

1963 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0 ¯
1964 49.6 49.6 0.0 0.0 49.6 0.0 0.0 49.6 0.0 0.0
1965 48.5 48.5 0.0 0.0 48.5 0.0 0.0 48.5 0.0 0.0
1966 46.7 46.7 0.0 0.0 46.7 0.0 0.0 46.7 0.0 0.0
1967 49.1 49.1 0.0 0.0i 49.1 0.0 0.0 49.1 0.0 0.0

I1968 50.5 50.5 0.0 0.0, 50.5 0.0 0.0 50.5 0.0 0.0
1969 45.6 45.6 0.0 0.0= 45.6 0.0 0.0 45.6 0.0 0.0
1970 50.5 50.5 0.0 0.0! 50.5 0.0 0.0 50.5 0.0 0.0
1971 48.1 48.1 0.0 0.0, 48.1 0.0 0.0 48.1 0.0 " 0.0
1972 48.3 48.3 0.0 0.0! 48.3 0.0 0.0 48.3 0.0 0.0
1973 48.3 48.3 0.0 0.0 48.3 0.0 0.0 48.3 0.0 0.0 I
1974 47.6 47.6 0.0 0.0! 47.6 0.0 0.0 47.6 0.0 0.0
1975 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1976 48,0 48,0 0,0 0,0~ 48,0 0,0 0,0 48.0 0.0 0,0
1977 49,3 49,3 0,0 0,0 49,3 0,0 0.0 49.3 0,0 0,0
1978 48.7 48.7 0.0 0.0! 48.7 0.0 0.0 48.7 0.0 0.0 ¯
1979 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1980 ,48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1981 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48A 0.0 0.0
1982 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0 ll

I1983 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1984 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0
1985 49.0 49.0 0.0 0.0 49.0 0.0 0.0 49.0 0.0 0.0
1986 49.3 49.3 0.0 0.0 49.3 0.0 0.0 49.3 0.0 0.0
1987 47.7 47.7 0.0 0.0 47.7 0.0 0.0 47.7 0.0 0.0

I1988 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1989 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1990 46.2 46.2 0.0 0.0 46.2 0.0 0.0 46.2 0.0 0.0

Mean. 47.9 47.9 0.0 0.0 47.9 0.0 0.0 47.9 0.0 0.0
Median 47,9 47,9 0,0 0,0 47,9 0,0 0,0 47,9 0,0 0.0
Max 50,5 50,5 0,0 0,0 50,5 0.0 0.0 50.5 0,0 0,0 IMin 45,0 45,0 0,0 0,0 45.0 0,0 0.0 45.0 0,0 0,0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0

IMean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
X > 65 0.0 0.0 0.0 0.0

Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
X > 70 0.0 0.0 0.0 0.0

Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.(~ I
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Sacramento River Temperature (F) at Vina
1995 H Irolo~y
Existin9 i Pro,lect - Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)    (F) (F) (%) (F)    (F) (%)    (F)
1922 50.2 50.2 0.0 0.0 50.2 0.0 0.0 50.2 0.0 0.0
1923 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1924 51.6 51.6 - 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1925 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1926 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
1927 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1928 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1929 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1930 53.11 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1931 53.1 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1932 53.8 53.8 0.0 0.0 53.8 0.0 0.0 53.8 0.0 0.0
1933 52.0 52.0 0.0 0.0 52.0 0.0 0.0 52.0 0.0 0.0
1934 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
1935 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1936 53.8 53.8 0.0 0.0 53.8 0.0 0.0 53.8 0.0 0.0
1937 51.0 51.0 0.0 0.0 51.0 0.0 0.0 51.0 0.0 0.0
1938 49.4 49.4 0.0 0.0 49.4 0.0 0.0 49.4 0.0 0.0
1939 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1940 53.1 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1941 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1942 51,2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1943 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
1944 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1945 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1946 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1947 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1948 50.1 50.1 0.0 0.0 50.1 0.0 0.0 50.1 0.0 0.0
1949 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1950 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
1951 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1952 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1953 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1954 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1955 52.2 52.2 0.0 0.0 52.2 0.0 0.0 52.2 0.0 0.0
1956 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
1957 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1958 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1959 53.9 53.9 0.0 0.0 53.9 0.0 0.0 53.9 0.0 0.0
1960 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1961 51.0 51.0 0.0 0.0 51.0 0.0 0.0 51.0 0.0 0.0
1962 50.9 50,9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0
1963 51.2 51,2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1964 51.6 51,6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1965 52.9 52.9 0.0 0.0 52.9 0.0 0.0 52.9 0.0 0.0
1966 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
1967 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1968 52.9 52.9 0.0 0.0 52.9 0.0 0.0 52.9 0.0 0.0
1969 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0
1970 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1971 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1972 54.0 54.0 0.0 0.0 54.0 0.0 0.0 54.0 0.0 0.0
1973 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1974 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1975 49.7 49.7 0.0 0.0 49.7 0.0 0.0 49.7 0.0 0.0
1976 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1977 51,1 51.1 0.0 0,0 51.1 0.0 0,0 51.1 0.0 O.O
1978 52.8 52.8 0.0 0.0 52.8 0.0 0,0 52.8 0.0 0.0
1979 52.3 52.3 0.0 0.0 52.3 0.0 0.0 52,3 0.0 0.0
1980 51,4 51.4 0,0 0.0 51.4 0.0 0,0 51.4 0,0 0.0
1981 51.6 51.6 0.0 0.0 51.6 0.0 0,0 51.6 0.0 0.0
1982 49.0 49.0 0.0 0.0 49.0 0.0 0.0 49.0 0.0 0.0
1983 50.8 50.8 0.0 0.0 50.8 0.0 0.0 50.8 0.0 0.0
1984 53.2 53.2 0.0 0.0 53.2 0.0 0.0 53.2 0.0 0.0
1985 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1986 53.1, 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1987 51.0 51.0 0.0 ~ 0.0 51.0 0.0 0.0 51.0 0.0 0.0
1988 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1989 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1990 53.5 53.5 0.0 0.0 53.5 0.0 0.0 53.5 0.0 0.0

Mean 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
Median 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
Max 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
Min 49.0 49.0 0.0 0.0 49.0 0.0 0.0 49.0 0.0 0.0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.6 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.01 0.0 NA 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Vina
1995 H irology
Existin~l Project ~ Screen Only Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference= Temp Change Difference Temp Change Difference

Year (F) (F) (%! , (F) (F) (%) (F) IF~ !%) (F!1922 54.4 54.4 0.0 0.0 54,4 0.0 0.0 54.4 0.0 0.0
1923 56.1 56.1 0.0 0.0 56.1 0,0 0.0 56.1 0.0 0.0
1924 57.9 57.9 0.0 0.0 57.9 0.0 0.0 57.9 0.0 0.0
1925 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56,4 0.0 0.0
1926 58.; 58.2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0.0
1927 54.3 54.3 0.0 0.0 54.3 0.0 0.0 54.3 0.0 0.0
1928 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1929 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1930 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1931 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1932 55.1 55.1 0,0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1933 56.3 56.3 0.0 0.0 56.3 0.0 0.0 56.3 0.0 0.0
1934 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1935 56.1 56,1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1936 57.4 57A 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1937 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
1938 53.9 53.9 0.0 0.0 53.9 0.0 0.0 53.9 0.0 0.0
1939 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1940 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0.0 0.0
1941 54,8 54,8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1942 54.~ 54~4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1943 55.3 55.3 0.0 0.0 55.3 0.0 0.0 55.3 0.0 0.0
1944 54.3 54.3 0.0 0.0 54.3 0.0 0.0 54.3 0.0 0.0
1945 57.5 57.5 0.0 0.0 57,5 0.0 0.0 57.5 0.0 0.0
1946 56.2 56.2 0.0 0.0 56.2 0.0 0.0 56.2 0.0 0.0
1947 58.1 58.1 0.0 0.0 58.1 0.0 0,0 58.1 0.0 0.0
1948 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1949 57.8 57,8 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1950 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1951 56.0 56.0 0.0 0.0! 56.0 0.0 0.0 56.0 0.0 0.0
1952 53.5 53.5

0.00.00.0
53.5 0.0 0.0 53.5 0.0 0.0

1953 54.5 54.5 0.0 54.5 0.0 0.0 54.5 0.0 0,0
1954 55.~ 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0

0.0 0.0 0.0 54.1 0.0 0.01955 54.1 54.1 0.0
0.0

54.1
1956 55.9 55.9 0.0 55.9 0.0 0.0 55.9 0.0 0.0
1957 55.0 55.0 0.0 0.0 55.0 0.0 0.0 55.0 0.0 O,0
1958 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54.6 0.0 0.0
1959 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0
1960 55.0 55.0 0.0 0.0 55.0 0.0 0.0 55.0 0.0 0.0
1961 56.0 56.0 0.0 0.0 56.0 0.0 0.0 56.0 0.0 0.0
1962 57.6 57.6 0.0 0.0 57.6 0.0 0.0 57.6 0.0 0.0
1963 52.6 52.6 0.0 0.01 52.6 0.0 0.0 52.6 0.0 0.0
1964 54.5 54.5 0.0 0.0      54.5 0.0 0.0 54.5 0.0 0.0
1965 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1966 56.1 56.1 0.0 I 0.0 0.0 0.00.0 56.1 56.1 0.0
1967 52.z 52.4 0.0 0.0I 52.4 0.0 0.0 52,4 0.0 0.0
1968 55,9 55,9 0.0 0.0 55.9 0.0 0.0 55.9 0.0 0.0
1969 53,7 53.7 0.0 0.0 53,7 0.0 0,0 53.7 0.0 0.0
1970 54,~ 54.1 0.0 0.0 54,1 0.0 0.0 54.1 0.0 0.0
1971 55,3 55.3 0.0 0.01 55.3 0.0 O.0 55.3 0.0 O.0
1972 54,4 54,4 0.0 0,0! 54.4 0.0 0.0 54.4 0.0 0.0
1973 56.5 56.5 0.0 0.0 56.5 0.0 0.0 56.5 0.0 0.0
1974 54.6 54.6 0.0 0.0~ 54.6 0.0 0.0 54.6 0.0 0.0
1975 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0
1976 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0
1977 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0
1978 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1979 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
1980 56.1 56.1 0,0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1981 57.4 57.4 0,0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1982 52.7 52.7 0,0 0.0 52.7 0.0 0.0 52.7 0.0 0.0
1983 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1984 54.7 54.7 0,0 0.0 54.7 0.0 0.0 54.7 0.0 0.(]
1985 57,8 57.8 0,0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1986 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1987 55.6 55.6 0.0 0,0 55.6 0.0 0.0 55.6 0.0 0.0
1988 57.1 57.1 0.0 0.0 57.1 0.0 0,0 57.1 0.0 O.O
1989 58.2 58.2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0,0
1990 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0

Mean 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
Median 55,6 55.6 0.0 0.0 55,6 0.0 0,0 55.6 0.0 0.0
Max 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0,(~
Min 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0,~

X > 56 29,0 29.0 29,0 29.0
Mean X > 56 57.01 57.0 0.0 0.0 57,0 0.0 0.0 57.0 0.0

X > 60 0.0! 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0,0 NA 0.0 0.0 NA

X > 65 0.0; 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0,0 NA 0.0 0.0      NA      0.¢

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.(:
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Sacramento River Temperature (F) at Vina

Exist n~l Project - Screen Only/ Project with GF No Project / No Action
Relative Absolute          Relative Absolute          Relative Absolute

Temp Temp Change Difference Temp Change Difference Temp Change Difference
Year (F) (F) (%)    (F) (F) (%) (F)    (F) (%)    (F)
1922 57.1: 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
1923 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1924 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.1 0.2 0.1
1925 60.6 60.6 0.0 0.0 60.6 0.0 0.0 60.7 0.2 0.1
1926 58.8 58,8 0.0 0.0 58.8 0.0 0.0 58.8 0.0 0.0
1927 56.8 56.7 -0.2 -0.1 56.7 -0.2 -0.1 56.8 0.0 0.0
1928 59.9 59.9 0.0 0.0 59.9 0.0 0.0 60.0 0.2 0.1
1929 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59.2 0.2 0.1
1930 57.6 57.6 0.0 0.0 57.6 0.0 0.0 57.7 0.2 0.1
1931 60.1 60.1 0.0 0.0 60.1 0.0 0.0 60.2 0.2 0.1
1932 60.9 60.8 -0.2 -0.1 60.8 -0.2 -0,1 60.9 0.0 0.0
1933 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1934 60.7 60.7 0.0 0.0 60.7 0.0 0.0 60.8 0.2 0.1
1935.. 59.2 59.2 0.0 0.0 59.2 0.0 0.0 59.2 0.0 0.0
1936 58.5 58.5 0.0 0.0 58.5 0.0 0.0 58.5 0.0 0.0
1937 59.6 59.6 0.0 0.0 59.6 0.0 0.0 59.7 0.2 0.1
1938 59.3 59.2 -0.2 -0.1 59.2 -0.2 -0.1 59.3 0.0 0.0
1939 57.2 57.1 -0.2 -0.1 57.1 -0.2 -0.1 57.2 0.0 0.0
1940 60.9 60.9 0.0 0.0 60.9 0.0 0.0 61.0 0.2 0.1
1941 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.5 0.2 0.1
1942 55.4 55.4 0.0 0.0 55.4 0.0 0.0 55.5 0.2 0.1
1943 58.3 58.3 0.0 0.0 58,3 0.0 0.0 58.3 0.0 0.0
1944 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.9 0.2 0.1
1945 57.3 57.3 0,0 0.0 57.3 0.0 0.0 57.4 0.2 0.1
1946 58.0 57.9 -0.2 -0.1 57.9 -0.2 -0.1 58.0 0.0 0.0
1947 57,6 57.6 0.0 0.0 57.6 0.0 0.0 57.7 0.2 0.1
1948 55.8 55.8 0.0 0.0 55.8 0.0 0.0 55.8 0.0 0.0
1949 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.2 0.2 0.1
1950 57.9 57.9 0.0 0.0 57.9 0.0 0.0 57.9 0.0 0.0
1951 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.1 0.2 0.1
1952 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.2 0.2 0.1
1953 55.2 55.2 0.0 0.0 55.2 0.0 0.0 55.2 0.0 0.0
1954 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.1 0.0 0.0
1955 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.0
1956 56.3 56.3 0.0 0.0 56.3 0.0 0.0 56.3 0.0 0.0
1957 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.8 0.2 0.1
1958 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1959 57.6 57.6 0.0 0.0 57.6 0.0 0.0 57.7 0.2 0.1
1960 58.7 58.6 -0.2 -0.1 58.6 -0.2 -0.1 58.7 0.0 0.0
1961 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.5 0.2 0.1
1962 57.7 57,7 0.0 0.0 57.7 0.0 0.0 57.8 0.2 0.1
1963 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.8 0.2 0.1
1964 57.2 57.2 0.0 0.0 57.2 0.0 0.0 57.3 0.2 0.1
1965 58.8 58.7 -0.2 -0.1 58.7 -0,2 -0.1 58.8 0.0 0.0
1966 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59.2 0.2 0.1
1967 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1968 58.~ 58.4 0.0 0.0 58.4 0.0 0.0 58.5 0.2 0.1
1969 58.0 58.0 0o0 0.0 58.0 0.0 0.0 58.0 0.0 0.0
1970 59,9 59.8 -0.2 -0,1 59.8 -0.2 -0,1 59.9 0.0 0.0
1971 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1972 58.2 58,2 0.0 0.0 58.2 0.0 0.0 58.3 0.2 0.1
1973 59.6 59.6 0.0 0.0 59.6 0.0 0.0 59.6 0.0 0.0
1974 58.4 58.4 0.0 0.0 58.4 0.0 0.0 58.5 0.2 0.1
1975 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.8 0.2 0.1
1976 60.1 60.0 -0,2 -0.1 60.0 -0.2 -0.1 60.1 0.0 0.0
1977 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.0 0.0 0.0
1978 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.1 0.0 0.0
1979 58.9 58.9 0.0 0.0 58.9 0.0 0.0 58.9 0.0 0.0
1980 57,5 57.5 0.0 0.0 57.5 0.0 0.0 57.6 0.2 0.1
1981 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.1 0.2 0.1
1982 61.3 61.3 . 0.0 0.0 61.3 0.0 0.0 61.4 0.2 0.1
1983 57.9 57.9 0.0 0.0 57.9 0.0 0.0 57.9 0.0 0.0
1984 58.9 58.9 0.0 0.0 58.9 0.0 0.0 59.0 0.2 0.1
1985 57.2 57.2 0.0 0.0 57.2 0.0 0.0 57.3 0.2 0.1
1986 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.1 0.2 0.1
1987 56.9 56.9 0.0 0.0 56.9 0.0 0.0 57.0 0.2 0.1
1988 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.5 0.2 0.1
1989 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.5 0.2 0.1
1990 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0

Mean 58.2= 58.2 0.0 0.0 58.2 0.0 0.0 58.3 0.1 0.1
Median 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.1 0.2 0.1
Max 63.0 63.0 0.0 0.0 63.0 0.0 0.0 ’ 63.1 0.2 0.1
Min 55.1 55.1 -0.2 -0.1 55.1 -0,2 -0.1 55.1 0.0 0,0

X > 56 65.0 65.0 65.0 65.0
Mean X > 56 58.4 58.4 0.0 0.0 58.4 0.0 0.0 58.4 0,0 0.0

X > 60 9.0 8.0 8.0 9.0
Mean X > 60 60.9 61.0 0.2 0.1 61.0 0.2 0.1 60.9 0.0 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Vina
t995 H’ Jrology
Existin~l Project - Screen Only’ Proiect with GF No Prolect / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) !%)    (F) (F) (%) IF)     IF) I%)    (F)
1922 61,2 61.2 0.0 0.0 61.2 0.0 0.0 61.3 0.2 0.1
1923 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0,0
1924 62.9 62.9 0.0 0.0 62.9 0.0 0.0 63.3 0.6 0.4
1925 61.1 61.0 -0.2 -0.1 61.0 -0.2 -0.1 61.4 0.5 0.3
1926 61.5 61.5 0.0 0.0 61.5 0.0 0.0 61.6 0.2 0.1
1927 60.9 60.7 -0.3 -0,2 60.7 -0.3 -0.2 61.1 0,3 0.2
1925 59.1 58.9 -0.3 -0.2 58.9 -0.3 -0.2 59.3 0,3 0.2
1929 61.7 61.6 -0.2 -0.1 61.6 -0.2 -0.1 61.9 0,3 0.2
1930 59,6 59.5 -0.2 -0.1 59.5 -0,2 -0.1 59.9 0,5 0.3
1931 62.8 62.8 0.0 0.0 62.8 0.0 0.0 63.2 0,6 0.4
1932 64.0 "63.7 -0.5 -0.3 63.7 -0.5 -0.3 64.3 0,5 0.3
1933 61.8 61.8 0.0 0.0 61.8 0o0 0.0 61.9 0.2 0.1
1934 61.7 61.7 0.0 0.0 61.7 0.0 0.0 61.9 0.3 0.2
1935 60.0 59.9 -0.2 -0.1 59.9 -0.2 -0.1 60.0 0.0 0.0
1936 60.2 60.2 0.0 0.01 60.2 0.0 0.0 .r 60.3 0.2 0.1
1937 60.1 59.9 -0.3 -0.2 59.9 -0.3 -0.2 60.3 0.3 0.2
1938 61.7 61.6 -0.2 -0.1 61.6 *0.2 -0.1 61.9 0.3 0.2
1939 59.6 59.5 -0.2 -0.1 59.5 -0.2 -0.1 59.9 0.5 0.3
1940 61.4 61.3 -0.2 -0.1 61.3 ~0.2 -0.1 61.7 0.5 0,3
1941 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.9 0.3 0.2
1942 60.8 60,6 -0.3 -0.2 60.6 -0.3 -0.2 60.9 0.2 0.1
1943 59.3 59,1 -0.3 -0.2 59.1 ~0.3 -0.2 59.4 0.2 0.1
1944 58.3 58.1 -0.3 -0.2 58.1 -0.3 -0.2 58.5 0.3 0.2
1945 60.6 60,5 -0.2 -0.1 60.5 -0.2 -0.1 60.9 0.5 0.3
1946 57.9 57.7 -0.3 -0.2 57.7 -0.3 -0.2 58.1 0.3 0.2
1947 59.4 59,3 -0.2 -0.1 59.3 -0.2 -0.1 59.7 0.5 0.3
1948 59.9 59,9 0.0 0.0 59.9 0.0 0.0 60.1 0.3 0.2
1949 60.0 59.9 -0,2 -0.1 59.9 -0.2 -0.1 60.3 0.5 0.3
1950 59.4 59,2 -0.3 -0.2 59.2 -0.3 -0.2 59.6 0.3 0.2
1951 60.1 59,9 -0.3 -0.21 59.9 -0.3 -0.2 60.3 0.3 0.2
1952 59.2 59.1 -0.2 -0.1 59.1 -0.2 -0.1 59.4 0.3 0.2
1953 59.3 59.1 -0.3 -0.2 59.1 -0.3 -0.2 59.4 0.2 0.1
1954 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59.3 0.3 0.2
1955 59.7 59.6 -0.2 -0.1 59.6 -0.2 -0.1 59.9 0.3 0.2
1956 61.0 60.9 -0.2 *0.1 60.9 -0.2 -0,1 61.2 0,3 0.2
1957 62.8 62.6 -0.3 -0.2l 62.6 -0.3 -0,2 63.1 0.5 0.3
1958 60.2 60.1 -0.2 -0.1 60.1 -0.2 -0,1 60.3 0.2 0.1
1959 61.1 60.9 -0.3 -0.2 60.9 -0.3 -0,2 61.3 0.3 0.2
1960 61.0 60.9 -0.2 -0.1 60.9 -0.2 -0.1 61.2 0.3 0.2
1961 60.7 60.6 -0.2 -0.1= 60.6 -0,2 -0,1 60.8 0.2 0.1
1962 60.6 60.4 -0.3 -0.2 60.4 -0.3 -0,2 60.8 0.3 0.2
1963 61.5 61.4 -0,2 -0.1! 61.4 -0.2 -0.1 61.7 0.3 0.2
1964 59.1 58.9 -0.3 -0.2 58.9 -0.3 -0.2 59.3 0.3 0.2
1965 61.7 61.4 -0.5 -0.3 61.4 -0.5 -0.3 61,8 0.2 0,1
1966 60.1 60.0 -0.2 -0.1 60.0 -0.2 -0.1 60.3 0.3 0.2
1967 60.7 60.6 -0.2 -0.1 60.6 -0.2 -0,1 60.8 0.2 0.1
1968 60.1 60.0 -0.2 -0.1 60.0 -0.2 -0,1 60.3 0.3 0.2
1969 60.4 60,4 0.0 0.0= 60.4 0.0 0.0 60.6 0,3 0.2
1970 60.5 60.4 -0.2 -0.1 60.4 -0.2 -0.1 60.7 0,3 0.2
1971 59.8 59.7 -0.2 -0.1 59.7 -0.2 -0.1 59.9 0,2 0.1
1972 59.9 59.8 -0.2 -0.1 59.8 -0.2 -0.1 60.1 0.3 0.2
1973 62.2 62.1 -0.2 -0.1 62.1 -0,2 -0.1 62.5 0.5 0.3
1974 61.1 61.1 0,0 0.0 61.1 0.0 0.0 61.3 0.3 0.2
1975 61.4 61,3 -0.2 -0.1 61.3 -0.2 -0.1 61.6 0.3 0.2
1976 60.4 60.3 -0.2 -0,1 60.3 -0.2 -0.1 60.7 0.5 0.3
1977 64.3 64.2 -0.2 -0.1, 64.2 -0.2 -0.1 64.6 0.5 0.3
1978 62.1 62.0 -0.2 -0.1 62.0 -0,2 -0.1 62.3 0.3 0.2
1979 59.5 59.4 -0.2 -0.1 59.4 -0.2 -0.1 59.6 0.2 0.1
1980 58.9 58.7 -0.3 -0.2 58.7 -0,3 -0.2 59,1 0.3 0.2
1981 61.3 61.1 -0.3 -0.2 61.1 -0.3 -0.2 61.5 0.3 0.2
1982 59.7 59.6 ~0.2 -0.1 59.6 -0.2 -0.1 59.9 0.3 0.2
1983 60.2 60.1 -0.2 -0.1 60.1 -0.2 -0,1 60.4 0.3 0.2
1984 61.2 61.1 -0.2 -0.1 61.1 -0.2 -0.1 61.5 0.5 0.3
1985 59.6 59.6 0.0 0.0 59.6 0.0 0.0 59.8 0.3 0.2
1986 60.2 60.1 -0.2 -0.1 60.1 -0.2 -0.1 60.4 0.3 0.2
1987 56.7 56.6 -0.2 -0.1 56.6 -0.2 -0.1 56.8 0.2 0.1
1988 57.2 57.1 -0.2 -0.1 57.1 -0.2 -0.1 57.3 0.2 0.1
1989 59.0 58.9 -0.2 -0.1 58.9 -0.2 -0.1 59.2 0.3 0.2
1990 60.1 60.1 0.0 0.0 60.1 0.0 0.0 60.3 0.3 0.2

Mean 60.4 60.3 -0.2 -0.1 60.3 -0.2 -0.1 60.6 0.3 0.2
Median 60.2 60.1 -0.2 -0.1 60.1 -0.2 -0.1 60.4 0.3 0.2
Max 64.3 64.2 0.0 0.0 64.2 0.0 0.0 64.6 0.6 0.4
Min 56.7 56.6 -0.5 -0.3 56,6 -0.5 -0.3 56.8 0.0 0.~]

X > 56 69.0 69,0 69,0 69.0
Mean X > 56 60,4 60.3 -0.2 -0.1 60,3 -0.2 -0.1 60,6 0.3 0.2

X > 60 42.0 38.0 38.0 45.0
Mean X > 60 61.2 61.2 0.0 0.0 61,2 0.0 0.0 61.3 0.2 0.1

X > 65 0.0 0.0 ~ 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.(~

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0: 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.(;
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August Sacramento River Temperature (F) at Vina
1995 H’ Jrology ¯
i Existing Project - Screen Only Pro~ect with GF No Project / No Action

Relative Absolute Relative Absolute Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Differenc~

Year (F) (F) (%)    (F) IF) (%) IF!     (F) ~%)    (F)
1922 59.5 59.5 0.0 0.0 59.5 0.0 0.0 59.5 0.0
1923 60.2 60.2 0.0 0.0 60.2 0.0 0.0 60.2 0.0
1924 66.5 66.2 -0.5 -0.3 66.2 -0.5 -0.3 66.4 -0.2 -0.1
1925 60.2 59.9 -0.5 -0.3 59.9 -0.5 -0.3 60.1 -0.2 -0.1
1926 60.! 60.7 -0.2 -0.1 60.7 -0.2 -0.1 60.8 0.0 0.0
1927 60.4 60.1 -0.5 -0.3 60.1 -0.5 -0.3 60.3 -0.2 -0.1
1928 59.4 59.2 -0.3 -0.2 59.2 -0.3 -0.2 59.4 0.0 0.0
1929 60.8 60.6 -0.3 -0.2 60.6 -0.3 -0.2 60.8 0.0 0.0
1930 61.5 61.2 -0.5 -0.3 61.2 -0.5 -0.3 61.4 -0.2 -0.1
1931 68.4 68.1 -0.4 -0.3 68.1 -0.4 -0.3 68.4 0.0 0.0
1932 63.2 62.9 -0.5 -0.3 62.9 -0.5 -0.3 63.2 0.0 0.0
1933 63.5 63.4 -0.2 -0.1 63.4 -0.2 -0.1 63.5 0.0 0.0
1934 66." 66.0 -0.2 -0.1 66.0 -0.2 -0.1 66.1 0.0 0.0
1935 60.8 60.8 0.0 0.0 60.8 0.0 0.0 60.8 0.0 0.0
1936 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.7 0.0 0.0
1937 60.3 60.0 -0.5 -0.3 60.0 -0.5 -0.3 60.2 -0.2 -0.1
1938 60.5 60.3 -0.3 -0.2 60.3 -0.3 -0.2 60.5 0.0 0.0
1939 61.4 61.2 -0.3 -0.2 61.2 -0.3 -0.2 61.4 0.0 0.0
1940 60.3 60.1 -0.3 -0.2 60.1 -0.3 -0.2 60.3 0.0 0.0
1941 59.6 59.4 -0.3 -0.2 59.4 -0.3 -0.2 59.5 -0.2 -0.1
1942 60.7 60.4 -0.5 -0.3 60.4 -0.5 -0.3 60.6 -0.2 -0.1
1943 59.8 59.4 -0.7 -0.4 59.4 -0.7 -0.4 59.7 -0.2 -0.1
1944 59.5 59.2 -0.5 -0.3 59.2 -0.5 -0.3 59,5 0,0 0.0
1945 59.5 59.3 -0.3 -0.2 59.3 -0.3 -0.2 59.5 0.0 0.0
1946 59.8 59.6 -0.3 -0.2 59.6 -0.3 -0.2 59.8 0.0 0.0
1947 59.2 58.9 -0.5 -0.3 58.9 -0.5 -0.3 59.2 0.0 0.0
1948 59.0 58.9 -0.2 -0.1 58.9 -0.2 -0.1 59.0 0.0 0.0
1949 59.5 59.2 -0.5 -0.3 59.2 -0.5 -0.3 59.4 -0.2 -0.1
1950 60.8 60.5 -0.5 -0.3 60.5 -0.5 -0.3 60.8 0.0 0.0
1951 60.6 60.3 -0.5 -0.3 60.3 -0.5 -0.3 60.6 0.0 0.0
1952 61.2 61.0 -0.3 -0.2 61.0 -0.3 -0.2 61.2 0.0 0.0
1953 60.0 59.8 -0.3 -0.2 59.8 -0.3 -0.2 60.0 0.0 0.0
1954 59.0 58.8 -0.3 -0.2 58.8 -0.3 -0.2 59.0 0.0 0.0
1955 62.0 61.8 -0.3 -0.2 61.8 -0.3 -0.2 62.0 0.0 0.0
1956 60.5 60.3 -0.3 -0.2 60.3 " -0.3 -0.2 60.5 0.0 0.0
1957 60.2 59.9 -0.5 -0.3 59.9 -0.5 -0.3 60.1 -0.2 -0.1
1958 62.9 62.7 -0.3 -0.2 62.7 -0.3 -0.2 62.9 0.0 0.0
1959 62.3 62.0 -0.5 -0.3 62.0 -0.5 -0.3 62.3 0.0 0.0
1960 61.2 60.9 -0.5 -0.3 60.9 -0.5 -0.3 61.2 0.0 0.0
1961 61.8 61.6 -0.3 -0.2 61.6 -0.3 -0.2 61.8 0.0 0.0
1962 60.5 60.3 -0.3 -0.2 60.3 -0.3 -0.2 60.5 0.0 0.0
1963 61.1 60.8 -0.5 -0.3 60.8 -0.5 -0.3 61.0 -0.2 -0.1
1964 60.8 60.5 -0.5 -0.3 60.5 -0.5 -0.3 60.7 -0.2 -0.1
1965 60.5 60.2 -0.5 -0.3 60.2 -0.5 -0.3 60.5 0.0 0.0
1966 62.5 62.2 -0.5 -0.3 62.2 -0.5 -0.3 62.4 -0.2 -0,1
1967 62.9 62.7 -0.3 -0.2 62.7 -0.3 -0.2 62.8 -0.2 -0.1
1968 61.7 61.6 -0.2 -0.1 61.6 -0.2 -0.1 61.7 0.0 0.0
1969 62.4 62.0 -0.6 -0.4 62.0 -0.6 -0.4 62,3 -0,2 -0.1
1970 62.1 61.9 -0.3 -0.2 61.9 -0.3 -0.2 62.0 -0.2 -0.1
1971 62.0 61.9 -0.2 -0.1 61.9 -0.2 -0.1 62.0 0.0 0.0
1972 62.2 61.9 -0.5 -0.3 61.9 ,-0.5 -0.3 62.1 -0.2 -0.1
1973 60.7 60.5 -0.3 -0.2 60.5 -0.3 -0.2 60.6 -0,2 -0.1
1974 61.9 61.6 -0.5 -0.3 61.6 -0.5 -0.3 61.8 -0.2 -0.1
1975 60.7 60.5 -0.3 -0.2 60.5 -0.3 -0.-~ 60.7 0.0 0.0
1976 59.9 59.7 -0.3 -0.2 59.7 -0.3 -0.2 59.8 -0.2 -0.1
1977 70.1 69.9 -0,3 -0.2 69.9 -0.3 -0.2 70.1 0.0 0.0
1978 61.8 61.6 -0,3 -0.2 61.6 -0.3 -0.2 61.8 0.0 0.0
1979 62.8 62.6 -0.3 -0.2 62.6 -0.3 -0.2 62.8 0.0 0.0
1980 60.1 59.8 -0.5 -0.3 59.8 -0.5 -0.3 60.1 0.0 0.0
1981 63.2 62.8 -0.6 -0.4 62.8 -0.6 -0.4 63.2 0.0 0.0
1982 61 .O 60.8 -0.3 -0.2 60.8 -0.3 -0.2 61.0 O.O O.O
1983 61.6 61.3 -0.5 -0.3 61.3 -0.5 -0.3 61.6 0.0 0.Q
1984 61.2 60.9 -0.5 -0.3 60.9= -0.5 -0.3 61.2 0.0 0.0
1985 60.8 60.4 -0.7 -0.4 60.4 -0.7 -0.4 60.8 0.0 0.0
1986 61.7 61.5 -0.3 -0.2 61.5 -0.3 -0.2 61.6 -0.2 -0.1
1987 62.9 62.5 -0.6 -0.4 62.5 -0.6 -0.4 62.8 -0.2 -0.1
1988 63.8 63.4 -0.6 -0.4 63.4 -0.6 -0.4 63.7 -0.2 -0.1
1989 61.8 61.5 -0.5 -0.3 61.5 -0.5 -0.3 61.7 -0.2 -0.1
1990 61.2 60.9 -0.5 -0.3 60.9 -0.5 -0.3 61.1 -0.2 -0.1

Mean 61.4 61.2 -0.4 -0.2 61.2 -0.4 -0.2 61.4 -0.1 0.(~
Median 60.8 60.8 -0.3 -0.2 60.8 -0.3 -0.2 60.8 0.0 0.(~
Max 70.1 69.9 0.0 0.0 69.9 0.0 0.0 70.1 0.0 0.(~
Min 59.0 58.8 -0.7 -0.4 58.8 -0.7 -0.4 59.0 -0.2 -0.1

X > 56 69.01 69.0 69.0 69.0
Mean X > 56 61.4 61.2 -0.3 -0.2 61.2 -0.3 -0.2 61.4 0.0 0.(~

X > 60 55.0 51,0 51.0 55.0
Mean X > 60 61.9 61.8 -0.2 -0.1 61.8 -0,2 -0.1 61.9 0.0 0.(~

X > 65 4.0 4.0 4.0 4.0
Mean X > 65 67.8 67.6 -0,3 -0,2 67.6 -0.3 -0.2 67.8     "0.0 O.C

X > 70 1.0 0.0 0.0 1.0
Mean X > 70 70.1 0.0 -100.0 -70.1 0.0 -100.0 -70.1 70.1 0.0 0.¢
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September Sacramento River Temperature (F) at Vina
t995 H drolo~ly
Existin~l Project - Screen Onl]/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)    (F) (F) (%) (F)     (F) (%)    (F)
1922 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.1 0.0 0.0
1923 58.9 58.9 0.0 0.0 58.9 0.0 0.0 58.9 0.0 0.0
1924 63.9 63.9 0.0 0.0 63.9 0.0 0.0 63.9 0.0 0.0
1925 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1926 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1927 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1928 59.0 59,0 0.0 O.O 59.0 O.O 0.0 59.0 0.0 0.0
1929 58.2 58,2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0.0
1930 56.2 56.2 0,0 0.0 56.2 0.0 0.0 56.2 0.0 0.0
’1931 64.1 64.1 0.0 0,0 64.1 0.0 0,0 64.1 0,0 0.0
1932 67.8 67.8 0.0 0.0 67.6 0.0 0.0 67.8 0.0 0.0
1933 61.9 61.9 0o0 0.0 61.9 0.0 0.0 61.9 0.0 0.0
1934 65,3 65.3 0,0 0.0 65,3 0.0 0.0 65.3 0.0 0.0
1935 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.0 0.0 0.0
1936 60.8 60.8 0.0 0.0 60.8 0.0 0.0 60.8 0.0 0.0
1937 57.5 57.5 0.0 0.0 57.5 0.0 0.0 57.5 0.0 0.0
1938 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1939 58.8 58.8 0.0 0,0 58.8 0,0 0.0 58,8 0.0 0.0
1940 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1941 54.4 54.4 0.0 0,0 54.4 0.0 0.0 54.4 0.0 0.0
1942 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54.6 0.0 0.0
1943 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1944 61.2 61.2 0.0 0.0 61.2 0.0 0.0 61.2 0.0 0.0
1945 60.7 60.7 0.0 0.0 60.7 0.0 0.0 60.7 0.0 0.0
1946 59.5 59.5 0.0 0.0 59.5 0.0 0.0 59.5 0.0 0.0
1947 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.0
1948 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1949 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1950 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1951 61.2 61.2 0.0 0.0 61.2 0.0 0.0 61.2 0.0 0.0
1952 54.9 54.9 0.0 0.0 54.9 0.0 0.0 54.9 0.0 0.0
1953 56.3 56.3 0.0 0.0 56.3 0.0 0.0 56.3 0.0 0.0
1954 57.9 57.9 0.0 0.0 57.9 0.0 0,0 57.9 0.0 0.0
1955 60.1 60.1 0.0 0.0 60.1 0.0 0.0 60,1 0.0 0.0
1956 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54.6 0.0 0.0
1957 55.0 55.0 0.0 0.0 55.0 0.0 0.0 55.0 0.0 0.0
1958 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
1959 60.5 60.5 0.0 0.0 60.5 0.0 0.0 60.5 0.0 0.0
1960 61.5 61.5 0,0 0.0 61.5 0.0 0.0 61.5 0.0 0.0
1961 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.0
1962 60.4 60.4 0.0 0.0 60.4 0.0 0.0 60.4 0.0 0.0
1963 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0.0 0.0
1964 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59,1 0.0 0.0
1965 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1966 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.0
1967 57.9 57.9 0.0 0.0 57,9 0.0 0.0 57.9 0.0 0.0
1968 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.3 0.0 0.0
1969 55.4 55.4 0.0 0.0 55.4 0.0 0.0 55.4 0.0 0.0
1970 60.6 60.6 0.0 0.0 60.6 0.0 0.0 60.6 0.0 0.0
1971 55.3 55.3 0.0 0,0 55.3 0.0 0.0 55.3 0.0 0.0
1972 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1973 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1974 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1975 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1976 62.0 62.0 0.0 0.0 62.0 0.0 0.0 62.0 0.0 0.0
1977 66.4 66.4 0.0 0.0 66.4 0.0 0.0 66.4 0.0 0.0
1978 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1979 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.3 0.0 0.0
1980 55.5 55.5 0.0 0.0 55.5 0.0 0,0 55.5 0.0 0.0
1981 61.2 61.2 0.0 0.0 61.2 0.0 0,0 61.2 0.0 0.0
1982 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1983 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0.0 0.0
1984 56.2 56.2 0.0 0.0 56.2 0.0 0.0 56.2 0.0 0,0
1985 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0,0 0.0
1986 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0
1987 59.2 59.2 0.0 0.0 59.2 0.0 0.0 59,2 0.0 0.0
1988 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0.0
1989 57,8 57.8 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1990 63.8 63.8 0.0 0.0 63.8 0.0 0.0 63.8 0.0 0.0

Mean 58.7 58.7 0,0 0,01 58,7 0.0 0.0 58.7 0.0 0.0
Median 58,2 58.2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0.0
Max 67.8 67.8 0.0 0.0 67.8 0.0 0.0 67.8 0.0 0.0
Min 53,6 53.6 0.0 0,0 53.6 0.0 0.0 53.6 0.0 0.0

X > 56 56,0 56.0 56,0 56.0
Mean X > 56 59.6 59.6 0.0 0.0 59.6 0.0 0.0 59.6 0.0 0.0

X > 60 25.0 25.0 25.0 25.0
Mean X > 60 62.1 62.1 0.0 0.0 62.1 0.0 0.0 62.1 0.0 0.0

X > 65 3.0 3.0 3.0 3.0
Mean X > 65 66.5 66.5 0.0 0.0 66.5 0.0 0.0 66.5      0,0 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA
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October Sacramento River Temperature (F) at Vina
1995 H :Irolo~ly
Existin~ . Proiect - Screen Onl]/          Project with GF          No Proiect I No Action

Relative Absolute           Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year ~F) (F) (%)    (F) (F) (%) (F)     (F) (%)    IFI
1922 52.0 52.0 0.0 0.0 52.0 0.0 0.0 52.0 0.0 0.0
1923 55.0 55.0 0.0 0.0 55.0 0.0 0.0 55.0 0.0 0.0
1924 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0
1925 54,2 54,2 0,0 0,0 54,2 0.0 0,0 54,2 0.0 0,0
1926 57.2 57.2 0.0 0.0 57.2 0.0 0.0 57.2 0.0 0.0
1927 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0
1928 5519 55,9 0.0 0.0 55.9 0.0 0.0 55.9 0.0 0.0
1929 57.9 57,9 0.0 0.0 57.9 0.0 0.0 57.9 0.0 0.0
1930 57.5 57.5 0.0 0.0 57.5 0.0 0.0 57.5 0.0 0.0
1931 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.01
1932 61.1 61.1 0.0 0.0 61,1 0.0 0.0 61.1 0.0
1933 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.0 0.0 0.0
1934 60.4 60.4 0.0 0.0 60.4 0.0 0.0 60.4 0.0 0.0’
1935.~ 58.5 58.5 0.0 0.0 58.5 0.0 0.0 58.5 0.0 0.O
1936 58.8 58.8 0.0 0.0 58.8 0.0 0.0 58.8 0.0 0.0
1937 55.3 55.3 0.0 0.0 55.3 0,0 0.0 55.3 0.0 0,0
1938 54.6 54.6 0.0 0.0 54.6 0.0 ’ 0.0 54.6 0.0 0.0
1939 57.0 57,0 0,0 0,0 57,0 0,0 0,0 57.0 0.0 0,0
1940 55,4 55,4 0.0 0.0 55,4 0,0 0,0 55.4 0.0 0,0
1941 53,0 53,0 0,0 0,0 53,0 0.0 0.0 53,0 0,0 0,0
1942 53,8 53,8 0.0 0,0 53,8 0.0 0,0 53,8 0,0 0.0
1943 54.0 54.0 0.0 0.0 54.0 0.0 0.0 54.0 0.0 0.0
1944 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1945 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1946 52.7 52.7 0.0 0.0 52.7 0.0 0.0 52.7 0.0 0.0
1947 56.5 56,5 0.0 0.0 56.5 0.0 0.0 56.5 0.0 0.0!
1948 55.3 ! 55,3 0.0 0,0 55,3 0.0 0.0 55,3 0,0 0.0
1949 52,6 52,6 0,0 0,0 52,6 0,0 0,0 52,6 0,0 0.0’
1950 52,8 52,8 0.0 0.0 52,8 0,0 0.0 52,8 0,0 0.O
1951 52,7 52,7 0,0 0,0 52,7 0,0 0.0 52,7 0,0 0,0
1952 53.4 53.4 0.0 0.0 53.4 0.0 0,0 53.4 0.0 0.0
1953 53.1’ 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1954 54.9 54.9 0.0 0.0 54.9 0.0 0.0 54.9 0.0 0,0
1955 56,0 56.0 0.0 0.0 56.0 0.0 0.0 56.0 0.0 0,0
1956 53.1 53.1 0,0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1957 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54,6 0.0 0.0
1958 55.1 55.1 0,0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1959 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.0 0.0 0.0
1960 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
1961 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
1962 56.5 56.5 0.0 0.0 56.5 0.0 0.0 56.5 0.0 0.0
1963 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1964 58,8 58,8 0,0 O,0 58,8 0,0 0,0 58,8 0,0 0,0,
1965 55,5’ 55,5 0,0 0.0 55.5 0,0 0,0 55,5 0,0
1966 55.4 55,4 0,0 0,0 55,4 0,0 0.0 55,4 0,0 0,0
1967 56.3 56.3 0.0 0.0 56.3 0.0 0.0 56.3 0.0 0.0
1968 55.7 55.7 0.0 0.0 ’55.7 0.0 0.0 55.7 0.0 0.0
1969 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1970 53.5 53.5 0.0 0.0 53.5 0.0 0.0 53.5 0.0 0.0
1971 53.5 53.5 0.0 0.0 53.5 0.0 0.0 53.5 0.0 0.0
1972 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1973 51.7 51.7 0.0 0.0 51.7 0.0 0.0 51.7 0.0 0.0
1974 52.6 52.6 0,0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1975 54.6 54.6 0.0 0,0 54.6 0.0 0.0 54.6 0.0 0.0
1976 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1977 60.8 60.8 0.0 0.0 60.8 0.0 0.0 60.8 0.0 0.0
1978 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0.0 0.0
1979 54.0 54.0 0.0 0.0 54.0 0.0 0.0 54.0 0.0 0.0
1980 53.9 53.9 0.0 0.0 53.9 0.0 0.0 53.9 0.0 0.0
1981 55.8 55.8 0,0 0.0 55.8 0,0 0.0 55.8 0.0 0.0
1982 51,3 51,3 0,0 0,0 51,3 0,0 0,0 51.3 0,0 0,0
1983 53,9 53,9 0,0 0,0 53,9 0,0 0,0 53.9 0,0 0,0
1984 52,6 52.6 0,0 0,0 52,6 0,0 0.0 52,6 0,0 0.0
1985 54,8 54,8 0,0 0.0 54,8 0,0 0,0 54,8 0,0 0.0
1986 56,0 56.0 0,0 0.0 56,0 0.0 0,0 56,0 0,0 0,0
1987 58,2 58,2 0,0 0,0 58,2 0,0 0,0 58,2 0,0 0,0
1988 60,9 60,9 0,0 0.0 60,9 0,0 0.0 60,9 0,0 0.0
1989 57.3 57,3 0.0 0,0 57,3 0,0 0,0 57,3 0,0 0,0
1990 60,1 60,1 0.0 0,0 60.1 0,0 0,0 60.1 0.0 0,0

Mean 55,7 55,7 0,0 0,0 55,7 0,0 0.0 55,7 0,0 0,0
Median 55.4 55.4 0.0 0,0 55.4 0.0 0.0 55.4 0.0 0.0
Max 63.0 63.0 0.0 0.0 63.0 0.0 0.0i 63.0 0.0 0.0
Min 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0

X > 56 26.0 26.0 26.0 26.0
Mean X > 56 58.4 58.4 0.0 0.0 58.4 0.0 0.0 58.4 0.0 0.0

X > 60 7.0 7.0 7.0 7.0
Mean X > 60 60.9 60.9 0.0 0.0 60.9 0.0 0.0 60.9 0.0 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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December Sacramento River Temperature (F) at Vina
1995 H~ drolo~l¥
Existin~l    Project,: Screen Only          Project with GF          No Project I No Action

Relative Absolute          Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year IF) IF) !%)    (F) (F) (%) (F)    (F) !%)    (F!1922 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1923 47.1 47.1 0.0 0.0’ 47.1 0.0 0.0 47.1 0.0 0.0
1924 43.3 43.3 0.0 0.0, 43.3 0.0 0.0 43.3 0.0 0.0
1925 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1926 47.5 47.5 0.0 0.0, 47.5 0.0 0.0 47.5 0.0 0.0
1927 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1928 45.3 45.3 0.0 0.0 45.3 0.0 0.0 45.3 0.0 0.0
1929 47.8 47.8 0.0 0.0’ 47.8 0.0 0.0 47.8 0.0 0.0
1930 47.2 47.2 0.0 0.0 47,2 0.0 0.0 47.2 0.0 0.0
1931 44.8 44.8 0.0 0.0’ 44,8 0.0 0.0 44.8 0,0 0.0
1932 43.9 43.9 0.0 0.01 43.9 0.0 0.0 43.9 0.0 0.0
1933 45.6 45.6 0.0 0.01 45,6 0.0 0.0 45.6 0.0 0.0
1934 46.6 46.6 0.0 0.01 46.6 0.0 0.0 46.6 0.0 0,0
1935 47.6 47.6 0.0 0.0 47,6 0.0 0.0 47.6 0.0 0.0
1936 48.0 48.0 0.0 0.0 48.0 0,0 0.0 48.0 0.0 0,0
1937 48.2 48,2 0.0 0.0 48.2 0.0 0.0 48,2 0.0 0.0
1938 48.9 48.9 0,0 0.0 48.9 0.0 0.0 48.9 0.0 0.0
1939 48.9 48.9 0.0 0.0     48.9 0.0 0.0 48.9 0.0 0.0
1940 48.1 48.1 0.0 0.0! 48.1 0.0 0.0 48.1 0.0 0.0
1941 47.5 47.5 0.0 0.0 47.5 0.0 0.0 47.5 0.0 0.0
1942 46.4 46.4 0.0 0.0 46.4 0.0 0o0 46.4 0.0 0.0
1943 47.7 47.7 0.0 0.0 47.7 0.0 0.0 47.7 0.0 0.0
1944 46,8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1945 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1946 46.3 46.3 0.0 0.0 46,3 0.0 0.0 46.3 0.0 0.0
1947 45.5 45.5 0.0 0,0 45.5 0.0 0,0 45.5 0.0 0.0
1948 44.3 44.3 0.0 0,0 44.3 0o0 0.0 44.3 0.0 0.0
1949 45.4 45,4 0.0 0,0 45.4 0.0 0.0 45.4 0.0 0.0
1950 47.5 47.5 0.0 0.0 47.5 0.0 0.0 47.5 0.0 0.0
1951 46.3 46.3 0.0 0,0 46.3 0.0 0.0 46.3 0.0 0.0
1952 46.5 46.5 0.0 0,0 46.5 0.0 0.0 46.5 0.0 0.0
1953 48.4 48.4 O.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1954 46,0 46.0 0.0 0.0 46.0 0.0 0.0 46.0 0.0 0.0
1955 47.3 47.3 0.0 0.0 47.3 0.0 0.0 47.3 0.0 0.0
1956 48.6 48.6 0.0 0.0 48.6 0.0 0.0 48,6 0.0 0.0
1957 47.1 47.1 0,0 0.0 47.1 0.0 0.0 47,1 0.0 0.0
1958 51.3 51.3 0.0 0.0 51.3 0.0 0.0 51,3 0.0 0.0
1959 49.7 49.7 0.0 0.0 49.7 0.0 0.0 49,7 0.0 0,0
1960 47.2 47.2 0.0 0.0 47.2 0.0 0.0 47.2 0.0 0.0
1961 46.4 46.4 0.0 0.0 46.4 0,0 0.0 46,4 0.0 0.0
1962 49.1 49.1 0.0 0.0 49.1 0.0 0.0 49.1 0.0 0.0
1963 45.8 45.8 0.0 0.O 45.8 0.0 0.0 45.8 0.0 0.0
1964 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1965 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1966 47.8 47.8 0.0 0.0 47.8 0.0 0.0 47.8 0.0 0.0
1967 47.9 47.9 0.0 0.0 47.9 0.0 0.0 47.9 0.0 0.0
1968 45.6 45.6 0.0 0.0 45.6 0.0 0.0 45.6 0.0 0.0
1969 48.9 48.9 0.0 0.0 48.9 0.0 0.0 48.9 0.0 0.0
1970 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1971 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1972 44.5 44.5 0.0 0.0 44.5 0.0 0.0 44.5 0.0 0.0
1973 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46,8 0.0 0.0
1974 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1975 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0
1976 50.3 50.3 0.0 0.0 50.3 0.0 0,0 50.3 0.0 0.0
1977 46.9 46.9 0.0 0.0
1978 45.7 45.7 0.0 0.0     45.7 0.0 0.0 45.7 0.0 0.0
1979 46.1 46.1 0.0 0.01 46.1 0.0 0.0 46.1 0.0 0.0
1980 47.5 47.5 0.0 0.0! 47.5 0.0 0.0 47.5 0.0 0.0
1981 47.0 47.0 0.0 0.01 47.0 0.0 0.0 47.0 0.0 0.0
1982 45.8 45.8 0.0
1983 46.6 46.6 0.0 0.0i 46.6 0.0 0.0 46.6 0.0 0.0
1984 45.4 45.4 0.0 0,0 45.4 0.0 0.0 45,4 0.0 0.0
1985 44.8 44,8 0.0 0.0! 44.8 0,0 0.0 44.8 0.0 0.0
1986 46.0 46.0 0.0 0.01 46.0 0.0 0,0 46.0 0.0 0.0
1987 45.5 45.5 0.0 0.0 45,5 0.0 0.0 45.5 0.0 0.0
1988 45.4 45.4 0.0 0.01 45.4 0.0 0,0 45.4 0.0 0.0
1989 46.2 46.2 0.0 0.(] 46.2 0.0 0.0 46.2 0.0 0,0
1990 42,1 42.1 0.0 0.0 42.1 0.0 0,0 42.1 0,0 0.0

Mean 46.7 46.7 0.0 0.0, 46.7 0.0 0.0 46.7 0.0 0.0
Median 46.6 46,6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
Max 51.3 51,3 0.0 0.0 51.3 0.0 0.0 51.3 0.0 0.0
Min 42.1 42.1 0.0 0.0 42.1 0.0 0.0 42.1 0.0 0.0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0,0 0.0 NA 0,0 0,0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0,0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0.0 0.0 0,0
Mean X > 65 0,0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.o
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA
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February Sacramento River Temperature (F) at Vina
2020 H drology
Existin~l Proiect - Screen Only/ Pro, iect with GF No Pro~ect I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Differenc~ Temp Change Difference Temp Change Difference

Year IF) (F) (%)    (F) (F) !%) (F!     (F) (%)    (F)
1922 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1923 49.5 49.0 -1.0 -0.5 49.0 -1.0 -0.5 49.0 -1.0 -0.5
1924 49.3 49.3 0.0 0.0 49.3 0.0 0.0 49.3 0.0 0.0
1925 47.6 47.7 0.2 0.1 47.7 0.2 0.1 47.7 0.2 0.1
1926 48.2 48.1 -0.2 -0.1 48.1 -0.2 -0.1 48.1 -0.2 -0.1
1927 47.4 47.3 -0.2 -0.1 47.3 -0.2 -0.1 47.3 -0.2 -0.1
1928 48.2 48.2 0.0 0.0 48.2 0.0 0.0 48.2 0.0 0.0
1929 46.7 46.7 0.0 0.0 46.7 0.0 0.0 46.7 0.0 0.0
1930 48.2 48.3 0.2 0.1 48.3 0.2 0.1 48.3 0.2 0.1
1931 49.0 49.0 0.0 0.0 49.0 0.0 0.0 49.0 0.0 0.0
1932 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1933 45.5 45.5 0.0 0.0 45.5 0.0 0.0 45.5 0.0 0.0
1934 48.7 48.8 0.2 0.1 48.8 0.2 0.1 48.8 0.2 0.1
1935 47.7 47.8 0.2 0.1 47.8 0.2 0.1 47.8 0.2 0.1
1936 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1937 45.8 46.1 0.7 0.3 46.1 0.7 0.31 46.1 0.7 0.3
1938 47.1 47.1 0.0 0.0 47.1 0.0 0.01 47.1 0.0 0.0
1939 46.~ 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1940 47.9 48.2 0.6 0.3 48.2 0.6 0.3i

48.2 0.6 0.3
1941 48.4 48.4 0.0 0.0 48.4 0.0 0.0! 48.4 0.0 0.0
1942 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1943 48.5 48.5 0.0 0.0 48.5 0.0 0.01 48.5 0.0 0.0
1944 47.0 47.0 0.0 0.0 47.0 0.0 0.01 47.0 0.0 0.0
1945 48.5 48.3 -0.4 -0.2 48.3 -0.4 -0.2 48.3 -0.4 -0.2
1946 45.6 45.5 -0.2 -0.1 45.5 -0.2 -0.1 i 45.5 -0.2 -0.1
1947 49.4 49.2 -0.4 -0.2 49.2 -0.4 -0.2i 49.2 -0.4 -0.2
1948 46.4 46.3 -0.2 -0.1 46.3 -0.2 -0.1~ 46.3 -0.2 -0.1
1949 45.0 45.0 0.0 0.0 45.0 0.0 0.0! 45.0 0.0 0.0
1950 47.3 47.3 0.0 0.0 47.3 0.0 0.O 47.3 0.0 0.0
1951 47.0 46.8 -0.4 -0.2 46.8 -0.4 -0.2 46.8 -0.4 -0.2
1952 46.9 46.8 -0.2 -0.1 46.8 -0.2 -0.1 46.8 -0.2 -0.1
1953 48.3 48.4 0.2 0.1 48.4 0.2 0.1 48.4 0.2 0.1
1954 49.1 49.0 -0.2 -0.1 49.0 -0.2 -0.1 49.0 -0.2 -0.1
1955 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1956 46.5 46.4 -0.2 -0.1 46.4 -0.2 -0.1 46.4 -0.2 -0.1
1957 49.6 49.6 0.0 0.0 49.6 0.0 0.0 49.6 0.0 0.0
1958 48.3 48.2 -0.2 -0.1 48.2 -0.2 -0.1 48.2 -0.2 -0.1
1959 48.0 48.0 0.0 0.0 48.0 0.0 0.0~ 48.0 0.0 0.0
1960 47.6 47.5 -0.2 -0.1 47.5 -0.2 -0.11 47.5 -0.2 -0.1
1961 48.9 48.7 -0.4 -0.2 48.7 -0.4 -0.2 48.7 -0.4 -0.2
1962 47.2 47.2 0.0 0.0 47.2 0.0 0.0 47.2 0.0 0.0
1963 50.4 50.0 -0.8 -0.4 50.0 -0.8 -0.4 50.0 -0.8 -0.4
1964 49.6 49.6 0.0 0.0 49.6 0.0 0.0 49.6 0.0 0.0
1965 48.5 48.5 0.0 0.0 48.5 0.0 0.0 48.5 0.0 0.0
1966 46.7 46.7 0.0 0.0 46.7 0.0 0.0 46.7 0.0 0.0
1967 49.1 49.0 -0.2 -0.1 49.0 -0.2 -0.1 49.0 -0.2 -0.1
1968 50.5 50.5 0.0 0,0 50.5 0.0 0.0 50.5 0.0 0.0
1969 45.6 45.6 0.0 0.0 45.6 0.0 0.01 45.6 0.0 0.0
1970 50.5 50.4 -0.2 -0.1 50.4 -0.2 -0.1 50.4 -0.2 -0.1
1971 48.1 48.1 0.0 0.0 48.1 0.0 0.0 48.1 0.0 0.0
1972 48.3 48.5 0.4 0.2 48.5 0.4 0.2 48.5 0.4 0.2
1973 48.3 48.3 0.0 0.0 48.3 0.0 0.0 48.3 0.0 0.0
1974 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0
1975 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1976 48.0 48.0 0.0 0.0 48.0 0.0 0.0 48.0 0.0 0.0
1977 49.3 49.0 -0.6 -0.3 49.0 -0.6 -0.3 49.0 -0.6 -0.3
1978 48.7 48.7 0.0 0.0 48.7 0.0 0.0 48.7 0.0 0.0
1979 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1980 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1981 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1982 47.4 47.2 -0.4 -0.2 47.2 -0.4 -0.2 47.2 -0.4 -0.2
1983 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1984 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0
1985 49.0 49.1 0.2 0.1 49.1 0.2 0.1 49.1 0.2 0.1
1986 49.3 49.3 0.0 0.0 49.3 0.0 0.0 49.3 0.0 0.0
1987 47.7 47.7 0.0 0.0 47.7 0.0 0.0 47.7 0.0 0.0
1988 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1989 45.,~ 45.5 0.2 0.1 45.5 0.2 0.1 45.5 0.2 0.1
1990 46.2 46.2 0.0 0.0 46.2 0.0 0.0 46.2 0.0 0.0

Mean 47.9 47.8 -0.1 0.0 47.8 -0,1 0.0 47.8 -0.1 0.0
Median 47,9 48.0 0.0 0.0 48.0 0.0 0.0 48.0 0.0 0.0
Max 50.5 50.5 0.7 0.3 50.5 0.7 0,3 50,5 0.7 0.3
Min 45.0 45.0 -1.0 -0.5 45.0 -1.0 -0.5 45,0 -1.0 -0.5

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0.0 0.0 0,0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA      0.(~

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.01 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.(~
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Sacramento River Temperature (F) at Vina
2020 H drology
Existin9 Project - Screen Only, Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year IF! (F) (%) (F! (F) (%) (F) (F) (%) (F~
1922 50.2 50.2 0.0 0.0 50.2 0.0 0.0 50.2 0.0 0.0
1923 53.7 53.6 -0.2 -0.1 53.6 -0.2 -0.1 53.6 -0.2 -0.1
1924 51.6 51.7 0.2 0.1 51.7 0.2 0.1 51.7 0.2 0.1
1925 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1926 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0,0
1927 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1928 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1929 52.8 52°9 0.2 0.1 52.9 0.2 0.1 52.9 0.2 0.1
1930 53.1 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1931 53.1 53.2 0.2 0.1 53.2 0.2 0.1 53.2 0.2 0.1
1932 53.8 53.0 -1.5 -0.8 53.0 -1.5 -0.8 53.0 -1.5 -0.8
1933 52.0 52.1 0.2 0.1 52.1 0.2 0.1 52.1 0.2 0.1
1934 55.6 55.7 0.2 0.1 55.7 0.2 0.1 55.7 0.2 0.1
1935 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1936 53.8 53.8 0.0 0.0 53.8 0.0 0.0 53.8 0.0 0.0
1937 51.0 51.1 0.2 0.1 51.1 0.2 0.1 51.1 0.2 0.1
1938 49.4 49.4 0.0 0.0 49.4 0.0 0.0 49.4 0.0 0.0
1939 53.0 53.0 0.0 0,0 53,0 0.0 0.0 53,0 0,0 0.0
1940 53.1 53.0 -0.2 -0.1 53.0 -0.2 -0,1 53.0 -0.2 -0.1
1941 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1942 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1943 51.8 51.9 0.2 0.1 51.9 0.2 0.1 51.9 0.2 0.1
1944 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1945 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1946 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1947 53.0 52.9 -0.2 -0.1 52.9 -0.2 -0.1 52.9 -0.2 -0.1
1948 50.1 50.0 -0.2 -0.1 50.0 -0.2 -0.1 50.0 -0.2 -0.1
1949 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1950 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
1951 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1952 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1953 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1954 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1955 52.2 52.2 0.0 0.0 52,2 0.0 0.0 52.2 0.0 0.0
1956 51.8 51.8 0.0 0,0 51.8 0.0 0.0 51.8 0.0 0.0
1957 51,9 51.9 0.0 0.0 51.9 0.0 0,0 51.9 0.0 0.0
1958 49.9 49.9 0.0 0o0 49.9 0.0 0.0 49.9 0.0 0.0
1959 53.9 54.0 0.2 0.1 54.0 0.2 0.1 54.0 0.2 0.1
1960 52.6 52.4 -0.4 -0.2 52.4 -0.4 -0.2 52.4 -0.4 -0.2
1961 51.0 51.1 0.2 0.1 51.1 0.2 0.1 51.1 0.2 0.1
1962 50.9 50.9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0
1963 51.2 51,3 0.2 0.1 51.3 0.2 0.1 51.3 0.2 0.1
1964 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0,0 0.0
1965 52.9 52.9 0.0 0.0 52.9 0.0 0.0 52.9 0.0 0,0
1966 51.8 52.2 0.8 0.4 52.2 0.8 0.4 52.2 0,8 0.4
1967 50.3 50.4 0.2 0.1 50.4 0.2 0.1 50.4 0.2 0.1
1968 52.9 52.9 0.0 0.0 52.9 0.0 0.0 52.9 0.0 0.0
1969 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0
1970 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1971 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1972 54.0 53.9 -0.2 -0.1 53.9 -0.2 -0.1 53.9 -0.2 -0.1
1973 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1974 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1975 49.7 50.1 0.8 0.4 50.1 0.8 0.4 50.1 0.8 0.4
1976 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1977 51.1 50.4 -1.4 -0.7 50.4 -1.4 -0.7 50.4 -1.4 -0.7
1978 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1979 52.3 52.3 0.0 0.0 52.3 0.0 0.0 52.3 0.0 0.0
1980 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0
1981 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1982 49.0 49.0 0.0 0.0 49.0 0,0 0.0 49.0 0.0 0.0
1983 50.8 50.8 " 0,0 0.0 50,8 0.0 0.0 50.8 0.0 0.0
1984 53.2 53.1 -0.2 -0.1 53.1 -0.2 -0.1 53.1 -0.2 -0,1
1985 50.6 50,6 0.0 0.0 50,6 0.0 0.0 50.6 0.0 0.0
1986 53.1 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1987 51.0 51.1 0.2 0.1 51.1 0.2 0.1 51.1 0.2 0.1
1988 54.4 54.6 0.4 0.21 54.6 0.4 0.2 54.6 0.4 0.2
1989 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1990 53.5 53.6 0.2 0.1 53.6 0.2 0.1 53.6 0.2 0.1

Mean 51.8 51.8 0.0 0.0: 51.8 0.0 0.0 51.8 0.0 0.0
Median 51,6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.(~
Max 55.7 55.7 0.8 0.4 55,7 0.8 0.4 55.7 0.8 0.4
Min 49,0 49.0 -1.5 -0.8 49,0 -1.5 -0.8 49.0 -1,5 -0.8

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.C

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.C

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA

X ¯ 70 0.0 0.0 0.0 0.0
Mean X ¯ 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA
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Sacramento River Temperature (F) at Vina
2020
Existing Pr0iect - Screen Only/ Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)    (F) (F) (%) (F)     IF) (%)    IF)
1922 54.4 54.9 0.9 0.5 54.9 0.9 0.5 54.9 0.9 0.5
1923 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1924 57.9 57.6 -0.5 -0.3 57.6 -0.5 -0.3 57.6 -0.5 -0.3
1925 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.4 0.0 0.0
1926 58.2 58.2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0.0
1927 54.3 54.2 -0.2 -0,1 54.2 -0.2 -0.1 54.2 -0.2 -0,1
1928 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1929 54.4 54.6 0.4 0.2 54.6 0.4 0.2 54.6 0.4 0.2
1930 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1931 56.6 56.5 -0.2 -0.1 56.5 -0.2 -0.1 56.5 -0,2 -0.1
1932 55.1 54.9 -0.4 -0.2 54.9 -0.4 -0.2 54.9 -0.4 -0.2
1933 56.3 55.9 -0.7 -0.4 55.9 -0.7 -0.4 55.9 -0.7 -0.4
1934 58.6 59.3 1.2 0.7 59.3 1.2 0,7 59.3 1.2 0.7
1935., 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1936 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1937 55.6 55.6 0.0 0.0 55.6 0,0 0.0 55.6 0.0 0.0
1938 53.9 53.9 0.0 0.0 53.9 0.0 0.0 53.9 0.0 0.0
1939 56.6 56.1 -0.9 -0.5 56.1 -0.9 -0.5 56.1 -0.9 -0.5
1940 56.7 56.7 0.0 0.0 56.7 ’0.0 0,0 56.7 0.0 0.0
1941 54.8 54.7 -0.2 -0.1 54.7 -0.2 -0.1 54.7 -0.2 -0.1
1942 54.4 54.5 0.2 0.1 54.5 0.2 0.1 54.5 0.2 0.1
1943 55.3 55.4 0.2 0.1 55.4 0.2 0.1 55.4 0.2 0.1
1944 54.3 54.5 0.4 0.2 54.5 0.4 0.2 54.5 0,4 0.2
1945 57.5 56.7 -1,4 -0.8 56.7 -1.4 -0.8 56.7 -1.4 -0.8
1946 56.2 56.4 0.4 0.2 56.4 0.4 0.2 56.4 0,4 0.2
1947 58.1 58.4 0.5 0.3 58.4 0.5 0,3 58.4 0.5 0.3
1948 53.7 52.9 -1.5 -0.8 52.9 -1.5 -0.8 52.9 -1.5 -0.8
1949 57.8 57.9 0.2 0.1 57.9 0.2 0.t 57.9 0.2 0.1
1950 56,1 56.1 0.0 0.0 56.1 0.0 0,0 56.1 0.0 0.0
1951 56.0 56.3 0,5 0.3 56.3 0.5 0.3 56.3 0.5 0.3
1952 53.5 53.5 0.0 0.0 53.5 0.0 0.0 53.5 0 0 0.0
1953 54.5 54.6 0.2 0.1 54.6 0.2 0.1 54.6 0.2 0.1
1954 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1955 54.1 54.2 0.2 0.1 54.2 0.2 0.1 54.2 0.2 0.1
1956 55.9 55,9 0.0 0.0 55.9 0.0 0.0 55.9 0.0 0.0
1957 55.0 54.9 -0.2 -0.1 54.9 -0.2 -0.1 54.9 -0.2 -0.1
1958 54.6 54.7 0.2 0.1 54,7 0.2 0.1 54.7 0.2 0.1
1959 56.9 56.7 -0.4 -0.2 56.7 -0.4 -0.2 56.7 -0.4 -0.2
1960 55.0 54.7 -0.5 -0.3 54.7 -0.5 -0.3 54.7 -0.5 -0.3
1961 56.0 55.8 -0,4 -0.2 55.8 -0.4 -0.2 55.8 -0.4 -0.2
1962 57.6 57.0 -1.0 -0.6 57.0 -1.0 -0.6 57,0 -1.0 -0.6
1963 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1964 54.5 54.4 -0.2 -0.1 54.4 -0,2 -0.1 54.4 -0.2 -0,1
1965 54,8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1966 56.1 56.0 -0.2 -0.1 56.0 -0.2 -0.1 56.0 -0.2 -0.1
1967 52.4 52.4 0,0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
1968 55.9 55.5 -0.7 -0.4 55.5 -0.7 -0.4 55.5 -0.7 -0.4
1969 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1970 54.1 54.1 0.0 0.0 54.1 0.0 0.0 54.1 0.0 0.0
1971 55.3 55.4 0.2 0.1 55.4 0.2 0.1 55.4 0.2 0.1
1972 54.4 53.7 -1.3 -0.7 53.7 -1.3 -0.7 53.7 -1.3 -0.7
1973 56.5 56.6 0.2 0.1 56.6 0.2 0.1 56.6 0.2 0.1
1974 54.6 54.6 0.0 0.0 54,6 0.0 0.0 54.6 0.0 0.0
1975 54.7 54.7 0.0 0.0 54,7 0.0 0.0 54.7 0.0 0.0
1976 54.7 54.8 0.2 0.1 54,8 0.2 0.1 54.8 0.2 0,1
1977 56.9 57.0 0.2 0,1 57.0 0.2 0.1 57.0 0.2 0,1
1978 55.1 55.2 0.2 0.1 55.2 0.2 0.1 55.2 0.2 0.1
1979 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
1980 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 . 0.0 0.0
1981 57,4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1982 52.7 52.7 0.0 0.0 52.7 0.0 0.0 52.7 0.0 0.0
1983 53.7 53.7 0,0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1984 54.7 53.8 -1.6 -0.9 53.8 -1.6 -0.9 53.8 -1,6 -0.9
1985 57.8 57.9 0.2 0.1 57.9 0.2 0.1 57.9 0.2 0.1
1986 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0.0
1987 55.6 55.5 -0.2 -0.1 55.5 -0.2 -0.1 55.5 -0.2 -0.1
1988 57.1 56.8 -0.5 -0.3 56.8 -0.5 -0.3 56.8 -0.5 -0.3
1989 58.2 58.0 -0.3 -0.2 58.0 -0.3 -0.2 58.0 -0.3 -0.2
1990 56.9 57.0 0.2 0.1 57.0 0.2 0.1 57,0 0.2 0.1

Mean 55.6 55.6 -0.1 -0.1 55.6 -0.1 -0.1 55.6 -0.1 -0.1
Median 55.6 55.5 0.0 0.0 55.5 0.0 0.0; 55.5 0.0 0.0
Max 58.6 59,3 1.2 0.7 59.3 1.2 0.7’ 59.3 1.2 0.7
Min 52.4 52,4 -1.6 -0.9 52.4 -1.6 -0.9 52.4 -1.6 -0.9

X > 56 29.0 28.0 28.0 28.0
Mean X > 56 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0,0 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0,0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X ¯ 70 0.0 0.0 0.0 0.0
Mean X ¯ 70 0.0 0,0 NA 0.01 0.0 NA 0.0 0.0 NA 0,0
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Sacramento River Temperature (F) at Vina
2020 H, trology
Existinoj Project - Screen Only Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)    (F) (F) (%) (F)    (F) (%)    IF)
1922 57.1 57.1 0,0 0.0 57.1 0.0 0.0 57:1 0.0 0.0
1923 56.6 57.0 0.7 0.4 57.0 0.7 0.4 57.0 0.7 0.4
1924 63.0 62.5 -0.8 -0.5 62.5 -0.8 -0.5 62.5 -0.8 -0.5
1925 60.6 61.4 1.3 0.8 61.4 1.3 0.8 61.5 1.5 0.9
1926 58.8 59.0 0.3 0.2 59.0 0.3 0.2 59.0 0.3 0.2
1927 56.8 56.7 -0.2 -0.1 56.7 -0.2 -0.1 56.8 0.0 0.0
1928 59.9 60.0 0.2 0.1 60.0 0.2 0.1 60.1 0.3 0.2
1929 59.1 58.4 -1.2 -0.7 58.4 -1.2 -0.7 58.5 -1.0 -0.6
1930 57.6 57.3 -0.5 -0.3 57.3 -0.5 -0.3 57.4 -0.3 -0.2
1931 60.1 62.1 3.3 2.0 62.1 3.3 2.0 62.2 3.5 2.1
1932 60.9 60.1 -1.3 -0.8 60.1 -1.3 -0.8 60.2 -1.1 -0.7
1933 57.7 57.2 -0.9 -0.5 57.2 -0.9 -0.5 57.2 -0.9 -0.5
1934 60.7 60.2 -0.8 -0.5 60.2 -0.8 -0,5 60.2 -0.8 -0.5
1935 59.2 58.7 -0.8 -0.5 58.7 -0.8 -0.5 58,7 -0.8 -0.5
1936 58.5 59.2 1.2 0.7 59.2 1.2 0.7 59.3 1.4 0.8
1937 59.6 60.4 1.3 0.8 60.4 1.3 0.8 60.5 1.5 0.9
1938 59.3 59.3 0.0 0.0 59.3 0.0 0.0 59.4 0.2 0.1
1939 57.2 57.3 0.2 0.1 57.3 0.2 0.1 57.4 0.3 0.2
1940 60.9 61.8 1.5 0.9 61.8 1.5 0.9 61.8 1.5 0.9
1941 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.5 0.2 0.1
1942 55.~ 55.3 -0.2 -0.1 55.3 -0.2 -0.1 55.4 0.0 0.0
1943 58.3 58.2 -0.2 -0.1 58.2 -0.2 -0.1 58.3 0.0 0.0
1944 57.8 58.2 0.7 0.4 58.2 0.7 0.4 58.3 0.9 0.5
1945 57.3 56.4 -1.6 -0.9 56.4 -1.6 -0.9 56.5 -1.4 -0.8
1946 58.0 58.1 0.2 0.11 58.1 0.2 0.1 58.1 0.2 0.1
1947 57.6 58.2 1.0 0.6 58.2 1.0 0.6 58.3 1.2 0.7
1948 55.8 55.5 -0.5 -0.3 55.5 -0.5 -0.3 55.5 -0.5 -0.3
1949 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.2 0.2 0.1
1950 57.9 58.5 1.0 0 6i 58,5 1.0 0.6 58.6 1.2 0.7
1951 58.0 57.6 -0.7 -0.4 57.6 -0.7 -0.4 57.7 -0.5 -0.3
1952 58.1 58.2 0.2 0.1 58.2 0.2 0.1 58.3 0.3 0.2
1953 55.2 55.1 -0.2 -0.1 55.1 -0.2 -0.1 55.1 -0.2 -0.1
1954 58.1 58.5 0.7 0.4i 58.5 0.7 0.4 58.6 0.9 0.5
1955 60.3 60.6 0.5 0.3 60.6 0.5 0.3 60.7 0.7 0.4
1956 56.3 56.3 0.0 0.0 56.3 0.0 0.0 56.3 0.0 0.0
1957 57,7 56.7 -1,7 -1.0 56.7 -1.7 -1.0 56.8 -1.6 -0.9
1958 58.7 58.7 0.0 0.0: 58.7 0.0 0.0 58.7 0.0 0,0
1959 57.6 58.2 1.0 0.6 58.2 1.0 0.6 58.2 1.0 0.6
1960 58.7 59.5 1.4 0.8 59.5 1.4 0.8 59.5 1.4 0.8
1961 56.4 56.6 0.4 0.2 56.6 0.4 0.2 56.7 0.5 0.3
1962 57.7 58.4 1.2 0.71 58.4 1.2 0.7 58.5 1.4 0.8:
1963 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.8 0.2 0.1
1964 57.2 57.2 0.0 0.0 57.2 0.0 0.0 57.3 0.2 0.1
1965 58.8 58.8 0.0 0.0~ 58.8 0.0 0.0 58.9 0.2 0.1
1966 59.1 59.0 -0.2 -0.11 59.0 -0.2 -0.1 59.1 0.0
1967 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0.0 0.0
1968 58.4 59.0 1.0 0.6: 59.0 1,0 0.6 59.1 1.2 0.7
1969 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.1 0.2 0.1!
1970 59.9 59.6 -0.5 -0.3i 59.6 -0.5 -0.3 59.7 -0.3 -0.21
1971 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1972 58.2 58.2 0.0 0.0 58.2 0.0 0.0 58.3 0.2 0.1
1973 59.6 59.7 0.2 0.1 59.7 0.2 0.1 59.7 0.2 0.1
1974 58.4 58.5 0.2 0.1 ; 58.5 0.2 0.1 58.6 0.3 0.2
1975 56.7 56.8 0.2 0.1 56.8 0.2 0.1 56.8 0.2 0.1
1976 60.1 60.3 0.3 0.2 60.3 0.3 0.2 60.4 0.5 0.3
1977 58.0 57.2 -1.4 -0.8 57.2 -1.4 -0.8 57.2 -1.4 -0.8
1978 58.1 58.2 0.2 0.1 58.2 0.2 0.1 58.2 0.2 0.1
1979 58.9 58.9 0.0 0.0 58.9 0.0 0.0 58.9 0.0 " 0.0
1980 57.5 57.5 0.0 0.0 57.5 0.0 0.0 57.6 0.2 0.1
1981 58.0 58.8 1.4 0.8 58.8 1.4 0.8 58.9 1.6 0.9
1982 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.4 0.2 0.1
1983 57.9 57.9 0.0 0.0 57.9 0.0 0.0 57.9 0.0 0.0
1984 58.9 58.7 -0.3 -0.2 58.7 -0.3 -0.2 58.8 -0.2 -0.1
1985 57.2 57.6 0.7 0.4 57.6 0.7 0.4 57.7 0.9 0.5
1986 58.0 57.9 -0.2 -0.1 57.9 -0.2 -0.1 58.0 0.0 0.0
1987 56.9 57.1 0.4 0.2 57.1 0.4 0.2 57.2 0.5 0.3
1988 56.4 56.9 0.9 0.5 56.9 0.9 0.5 57.1 1.2 0.7
1989 57.4 57.5 0.2 0.1 57.5 0.2 0.1 57.6 0.3 0.2
1990 56.9 56.7 -0,4 -0.2 56.7 -0.4 -0.2 56.7 -0.4 -0.2

Mean 58.2 58.3 0,1 0.1 58.3 0.1 0.1 58.3 0,3 0.1
Median 58.0 58.2 0.0 0.0 58.2 0.0 0.0 58.3 0.2 0.1
Max 63.0 62.5 3.3 2.0 62.5 3.3 2.0 62.5 3.5 2.1
Min 55.~ 55.1 -1.7 -1.0 55.1 -1,7 -1,0 55.1 -1.6 -0,9

X > 56 65.0 65.0 65.0 65.0
Mean X > 56 58.4 58.5 0,2 0.1 58.5 0.2 0,1 58.5 0.2 0.1

X > 60 9.0 10.0 10.0 11.0
Mean X > 60 60.9 61.1 0.3 0.2 61.1 0.3 0.2 61,0 0.2 0.1

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Vina
2020
Existin~ Project - Screen Only’ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%1    (F! (F) (%) (F)     (F) (%)    (F!1922 61.2 61.7 0.8 0.5 61.7 0.8 0.5 61,8 1.0 0.6
1923 57.0 57.4 0.7 0.4 57.4 0.7 0.4 57.5 0.9 0.5
1924 62.9 64.1 1.9 1.2 64.1 1.9 1.2 64.7 2.9 1.8
1925 61.1 60.9 -0.3 -0.2 60.9 -0.3 -0,2 61.3 0.3 0.2
1926 61.5 60.6 -1.5 -0.9 60.6 -1.5 -0.9 60.8 -1.1 -0.7
1927 60.9 60.6 -0.5 -0.3 60.6 -0.5 -0.3 61.0 0.2 0.1
1928 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59.6 0.8 0.5
1929 61.7 60.8 -1.5 -0.9 60.8 -1.5 -0.9 61.2 -0.8 -0.5
1930 59.6 60.7 1.8 1.1 60.6 1.7 1.0 61.1 2.5 1.5
1931 62.8 62.9 0.2 0.1 62.9 0.2 0.1 63.2 0.6 0.4
1932 64,0 63.4 -0.9 -0.6 63.4 -0.9 -0.6 64.0 0,0 0.0
1933 61.8 62.8 1.6 1.0 62.8 1.6 1.0 63.0 1.9 1.2
1934 61.7 61.8 0.2 0.1 61.8 0.2 0.1 62.0 0.5 0.3
1935 60,0 60.8 1.3 0.8 60.8 1.3 0,8 60.9 1.5 0.9
1936 60.2 61.1 1.5 0.9 61.1 1.5 0,9 61.2 1.7 1.0
1937 60.1 60,8 1.2 0.7 60.8 1.2 0.7 61.2 1.8 1,1
1938 61.7 60.3 -2.3 -1.4 60.3 -2.3 -1.4 60.5 -1.9 -1.2
1939 59.6 60.0 0.7 0.4 60.0 0.7 0.4 60.5 1.5 0.9
1940 61.4 62.2 1.3 0.8 62.2 1.3 0.8 62.6 2.0 1.2
1941 59.7 58.5 -2.0 -1.2 58.5 -2.0 -1.2 58.7 -1.7 -1,0
1942 60.8 59,4 -2.3, -1.4 59.4 -2.3 -1.4 59.6 -2.0 -1,2
1943 59.3 59.2 -0.2 -0.1 59.2 -0.2 -0.1 59.5 0.3 0.2
1944 58.3 58.5 0.3 0.2 58.5 0.3 0.2 58.9 1.0 0.6
1945 60.6 61.2 1.0 0.6 61.2 1.0 0.6 61.7 1.8 1.1
1946 57.9 57.9 0.0 0.0 57.9 0.0 0.0 58.4 0.9 0.5
1947 59.4 59.4 0.0 0.0 59.4 0.0 0.0 59.8 0.7 0.4
1948 59.9 59.3 -1.0 -0.6 59.3 -1.0 -0.6 59.5 -0.7 -0.4
1949 60.0 61.0 1.7 1.0 61.0 1.7 1.0 61.4 2.3 1.4
1950 59.4 60.2 1.3 0.8 60.2 1.3 0.8 60.6 2.0 1,2
1951 60.1 60,8 1.2 0.7 60.8 1,2 0.7 61.3 2.0 1.2
1952 59.2 59.1 -0.2 -0.1 59,1 -0.2 -0.1 59.4 0.3 0.2
1953 59.3 58.0 -2.2 -1.3 58.0 -2.2 -1,3 58.2 -1.9 -1.1
1954 59.1 58.7 -0.7 -0.4 58.7 -0.7 -0.4 58.9 -0.3 -0.2
1955 59.7 58.9 -1.3 -0.8 58.9 =1.3 -0.8 59.1 -1,0 -0.6
1956 61.0 60.6 -0.7 -0.4 60.6 -0.7 -0.4 60.9 -0.2 -0.1
1957 62.8 62.8 0.0 0.0 62.8 0.0 0.0 63.2 0.6 0.4
1958 60.2 58.6 -2.7 -1.6 58.6 -2.7 -1.6 58.8 -2.3 -1.4
1959 61.1 60.9 -0.3 -0,2 60.9 -0.3 -0.2 61.3 0.3 0.2
1960 61.0 61.2 0.3 0.2 61.2 0.3 0.2 61.6 1.0 0.6
1961 60.7 60.4 -0.5 -0.3 60.4 -0.5 -0.3 60.7 0.0 0.0
1962 60.6 61.3 1.2 0.7 61.3 1.2 0.7 61.7 1.8 1.1
1963 61.5 61.6 0,2 0.1 61,6 0.2 0.1 61.9 0.7 0.4
1964 59.1 59.1 0.0 0.0 59.1 0.0 0.0 59.5 0.7 0.4
1965 61,7 61.2 -0.8 -0.5 61.2 -0.8 -0.5 61.7 0.0 0.0
1966 60.1 59.1 -1.7 -1.0 59.1 -1.7 -1.0 59.4 -1.2 -0.7
1967 60.7 59.4 -2.1 -1.3 59.4 -2.1 -1.3 59.7 -1.6 -1.0
1968 60.1 59.5 -1.0 -0.6 59.5 -1.0 -0.6 59.8 -0.5 -0.3
1969 60.4 59.8 -1.0 -0.6 59.8 -1.0 -0.6 59.9 -0.8 -0.5
1970 60.5 60.7 0.3 0.2 60.7 0.3 0.2 61.1 1.0 0.6
1971 59.8 58.2 -2.7 -1,6 58.2 -2.7 -1,6 58.3 -2.5 -1,5
1972 59.9 59.8 -0.2 -0.1 50.8 -0,2 -0.1 60.1 0.3 0.2
1973 62.2 62.9 1,1 0.7 62.9 1.1 0.7 63.2 1.6 1,0
1974 61.1 60.3 -1.3 -0.8 60.3 -1.3 -0.8 60.5 -1.0 -0.6
1975 61.4 60.9 -0.8 -0.5 60.9 -0.8 -0.5 61.2 -0.3 -0.2
1976 60.4 60.6 0.3 0.2 60.6 0.3 0.2 61.0 1.0 0.6
1077 64.3 64.3 0.0 0.0 64.3 0.0 0.0 64.7 0.6 0.4
1978 62.1 62.3 0.3 0.2 62.3 0.3 0.2 62.6 0.8 0.5
1979 59.5 59.9 0.7 0.4 59.9 0.7 0.4 60.0 0.8 0.5
1980 58.9 59.2 0.5 0.3 59.2 0.5 0.3 59.7 1.4 0.8
1981 61.3 61.8 0.8 0.5 61.8 0.8 0.5 62.3 1.6 1.0
1982 59.7 59.7 0.0 0.0 59.7 0.0 0.0 60.0 0.5 0.3
1983 60.2 60.1 -0.2 -0.1 60.1 -0.2 -0.1 60.4 0.3 0.2
1984 61.2 61.1 -0.2 -0.1 61,1 -0.2 -0.1 61.6 0.7 0.4
1985 59.6 58.8 -1.3 -0.8 58.8 -1.3 -0.8 59.0 -1.0 -0.6
1986 60.2 60.0 -0.3 -0.2 60.0 -0.3 -0.2 60.3 0.2 0.1
1987 56.7 57.0 0.5 0.3 57.0 0.5 0.3 57.3 1.1 0.6
1988 57.2 58.8 2.8 1.6 58.8 2.8 1.6 59.2 3.5 2.0
1989 59.0 57.9 -1.9 -1.1 57.9 -1.9 -1.1 58.1 -1.5 -0.9
1990 60.1 61.5 2.3 1.4 61.5 2.3 1.4 61.9 3.0 1.8

Mean 60.4 60.3 -0.1 -0.1 60.3 -0.1 -0.1 60.7 0.4 0.3
Median 60.2 60.4 0.0 0.0 60.4 0.0 0.0 60,7 0.6 0.4
Max 64.3 64.3 2.8 1.6 64.3 2.8 1.6 ! 64.7 3.5 2.0
Min 56.7 57.0 -2,7 -1.6 57.0 -2.7 -1.6i 57.3 -2.5 -1.5

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 60.4 60.3 -0.2 -0.1 60.3 -0.2 -0.1 60.7 0.5 0.3

X > 60 42.0 39.0 39.0 42.0
Mean X > 60 61.2 61,4 0.3 0.2 61.4 0.3 0.2 61.7 0.8 0.5

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0,0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Vina
2020 trolo~y
Existin~l Project - Screen Only Project with GF No Project / No Action

Relative Absolute           Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Differenc~

Year (F) (F) (%) (F) (F) (%) (F) (F) (%) (F)
1922 61.7 60.6 -1.8 -1.1 60.6 -1.8 -1,1 60.6 -1.8 -1.1
1923 60.3 59.5 -1.3 -0.8 59.5 -1,3 -0.8 59.6 -1,2 -0.7
1924 63.4 64.6 1.9 1.2 64.6 1.9 1.2 65.0 2.5 1.6
1925 61,5 61,3 -0.3 -0.2 61.3 -0.3 -0.2 61.6 0.2 0.1
1926 59.6 62.7 5.2 3.1 62.7 5.2 3.1 62.7 6.2 3.1
1927 62.0 61,0 -1.6 -1.0 61.0 -1.6 -1.0 61.4 -1.0 -0.6
1928 57,5 57.8 0.5 0.3 57.8 0.5 0.3 58.0 0.9 0.5
1929 60.5 61.3 1.3 0.8 61.3 1.3 0.8 61,6 1.8 1.1
1930 60.0 60.6 1.0 0,6, 60.6 1.0 0.6 60.8 1,3 0,8
1931 67.6 66.5 -1.6 -1.1 66,5 -1.6 -1,1 66.8 -1.2 -0.8
1932 62.5 62,0 -0.8 -0,5 62.0 -0.8 -0.5 62.4 -0,2 -0.1
1933 64.1 65.0 1.4 0.9 65.0 1.4 0.9 65.1 1.6 1.0
1934 63.7 63.1 -0.9 -0.6 63.1 -0.9 -0.6 63.3 -0.6 -0.4
1935 59.3 58.2 -1.9 -1.1’ 58.2 -1.9 -1.1 58.3 -1.7 -1.0
1936 59.9 59.4 -0.8 -0.5 59.4 -0.8 -0.5 59.5 -0,7 -0.4
1937 60.8 61.1 0.5 0.3 61.1 0.5 0.3 61.4 1.0 0,6
1938 62.4 60.3 -3.4 -2.1 60.3 -3.4 -2.1 60.5 -3.0 -1.9
1939 60.0 60.5 0.8 0.5! 60.5 0.8 0.5 60.8 1.3 0.8
1940 59.4 58.5 -1.5 -0.9 58.5 -1.5 -0.9 58.7 -1.2 -0.7
1941 62.1 60.1 -3.2 -2.0 60.1 -3.2 -2.0 60.2 -3.1 -1.9
1942 62.2 60.1 -3.4 -2.11 60.1 -3.4 -2.1 60.3 -3:1 -1.9
1943 61.2 59.4 -2.9 -1.8 59.4 -2,9 -1.8 59.7 -2.5 -1.5
1944 59.7 59.0 -1.2 -0.7 59.0 -1,2 -0.7 59.3 -0.7 -0.4
1945 60,6 59.7 -1.5 -0.9 59.7 -1.5 -0.9 59.9 -1.2 -0.7
1946 59,2 58.1 -1,9 -1.1 55.1 -1.9 -1.1 58.3 -1.5 -0.9
1947 58.1 58.0 -0.2 -0.1 58,0 -0.2 -0.1 58.3 0.3 0.2
1948 60.1 59.3 -1.3 -0.8 59.3 -1.3 -0.8 59.4 -1.2 -0,7
1949 60.0 60.9 1.5 0.9 60.9 1,5 0.9 61.2 2.0 1.2
1950 61.4 61.0 -0.7 -0.4 61.0 -0.7 -0.4 61.5 0.2 0.1
1951 59.7 58.6 -1.8 -1.1 58.6 -1.8 -1,1 58.8 -1.5 -0.9
1952 63.5 61.4 -3.3 -2.1 61.4 -3.3 -2.1 61.6 -3.0 -1.9
1953 62.7 60.6 -3.3 -2.1 60.6 -3.3 -2.1 60,8 -3.0 -1.9
1954 58.2 57.5 -1.2 -0.7 57.5 -1.2 -0.7 57.6 -1.0 -0.6
1955 58.5 57.9 -1.0 -0.6 57.9 -1.0 -0.6 58.1 -0.7 -0.4
1956 62.6 60.5 -3.4 -2.1 60.5 -3.4 -2.1 60.7 -3.0 -1,9
1957 61.0 59.8 -2.0 -1.2 59.8 -2.0 -1.2 60.0 -1.6 -1.0
1958 62.3 , 60.2 -3.4 -2.1 60.2 -3.4 -2.1 60.4 -3.0 -1.9
1959 60.2 59.4 -1.3 -0.8 59.4 -1.3 -0.8 59.6 -1.0 -0.6
1960 59.5 60.5 1.7 1.0 60.5 1.7 1.0 60.8 2.2 1.3
1961 59.2 60.1 1.5 0.9 60.1 1.5 0.9 60.2 1.7 1.0
1962 60.9 58.6 -3.8 -2.3 58.6 -3.8 -2.3 58.7 -3,6 -2.2
1963 60.8 59.0 -3.0 -1.8 59.0 -3.0 -1.8 59.2 -2.6 -1.6
1964 59.2 59.1 -0.2 -0.1 59.1 -0.2 -0.1 59.3 0.2 0.1
1965 62,0 60.4 -2.6 -1.6 60.4 -2.6 -1.6 60.7 -2.1 -1.3
1966 58.3 57.7 -1.0 -0.6 57.7 -1.0 -0.6 57.8 -0.9 -0.5
1967 62,7 60.6 -3.3 -2.1 60.6 -3.3 -2,1 60.7 -3.2 -2.0
1968 58.5 57.7 -1.4 -0.8 57.7 -1.4 -0.8 57.8 -1.2 -0.7
1969 63.2 60.9 -3.6 -2.3 60.9 -3.6 -2.3 61.2 -3,2 -2.0
1970 61.0 60.6 -0.7 -0.4 60.6 -0.7 -0.4 60.8 -0.3 -0.2
1971 62.5 60.5 -3.2 -2.0 60.5 -3.2 -2.0 60.7 -2.9 -1.8
1972 58.6 57.8 -1.4 -0.8 57.8 -1.4 -0.8 57.9 -1.2 -0.7
1973 61.4 59.7 -2.8 -1.7 59.7 -2.8 -1.7 59.8 -2.6 -1.6
1974 61.8 59.8 -3.2 -2.0 59.8 -3.2 -2.0 59.9 -3.1 -1.9
1975 62.2 60.2 -3.2 -2.0i 60.2 -3.2 -2.0 60.3 -3.1 -1,9
1976 60,3 60.4 0.2 0.11 60.4 0.2 0.1 60.5 0.3 0.2
1977 65,3 64.6 -1.1 -0.71 64.6 -1.1 -0.7 64.9 -0.6 -0.4
1978 62.8 60.9 -3.0 -1.9 60.9 -3.0 -1.9 61.1 -2.7 -1.7
1979 60.4 59.4 -1.7 -1.0 59.4 -1.7 -1.0 59.5 -1.5 -0.9
1980 60.9 59.4 -2.5 -1.5 59.4 -2.5 -1.5 59.6 -2.1 -1.3
1981 59.4 60,1 1.2 0.7 60.1 1.2 0,7 60.3 1.5 0.9
1962 61.2 59.2 -3.3 -2.0 59.2 -3.3 -2.0 59.5 -2,8 -1.7
1983 62.2 60.2 -3.2 -2.0 60.2 -3.2 -2.0 60.5 -2.7 -1.7
1984 62.8 61.1 -2.7 -1.7! 61.1 -2.7 -1.7 61.4 -2.2 -1.4
1985 60.5 59.9 -1.0 -0.6 59.9 -1.0 -0.6 60.3 -0.3 -0.2
1986 60,5 60.2 -0.5 -0.3 60.2 -0.5 -0.3 60.4 -0.2 -0.1
1987 56.8 57.1 0,5 0.3 57.1 0,5 0.3 57.3 0.9 0.5
1988 62.1 62.4 0.5 0.3 62.4 0.5 0.3 62.7 1.0 0.6
1989 58.6 60.4 3.1 1.8 60.4 3.1 1.8 60.7 3.6 2.1
1990 59.5 59,1 -0.7 -0.4 59.1 -0.7 -0.4 59.3 -0.3 -0,2

Mean 60.9 60.2 -1.2 -0.7 60.2 -1.2 -0.7 60.4 -0.9 -0.5
Median 60.8 60.2 -1.3 -0.8 60.2 -1.3 -0.8 60.3 -1.2 -0.7
Max 67.6 66.5 5,2 3.1 66.5 5.2 3.1 66.8 5.2 3.1
Min 56.8 57.1 -3.8 -2.3 57.1 -3,8 -2.3 57.3 -3.6 -2,2

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 60.9 60.2 -1.1 -0.7 60.2 -1.1 -0.7 60.4 -0.8 -0.~

X > 60 45.0 39,0 39.0 40.0
Mean X > 60 62.0 61.3 -1.1 -0.7 61.3 -1.1 -0.7 61.5 -0.8 -0.£

X > 65 2,0 1.0 1.0 2.0
Mean X > 65 66.5 66.5 0.0 0.0 66.5 0.0 0.0 66.0     -0.8 -0.~

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0,0 0.0 NA 0.0 0.0 NA
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September Sacramento River Temperature (F) at Vina
2020 H drology
Existln~l Proiect - Screen Only, Proiect with GF No Proiect I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Differenc~

Year (F) (F) (%)    (F) (F) I%) IF)     (F) (%)     (F!1922 58.1 61.2 5.3 3.1 61.2 5.3 3.1 61.2 5,3 3.1
1923 58.9 59.0 0.2 0.1 59.0 0.2 0.1 59.0 0.2 0.1
1924 63.9 64.1 0.3 0.2 64.1 0.3 0.2 64.1 0.3 0.2
1925 56.6 56.7 0.2 0.1 56.7 0.2 0.1 56.7 0.2 0.1
1926 57.7 57.8 0.2 0.1 57.8 0.2 0.1 57.8 0.2 0.1
1927 55.7 57.9 5.1 2.8 57.9 5.1 2.8 57.9 5.1 2.8
1928 59.0 58.2 -1.4 -0.8 58.2 -1.4 -0.8 58.2 -1.4 -0.8
1929 58.2 58.5 0.5 0.3 58.5 0.5 0.3 58.5 0.5 0.3
1930 56.2 56.1 -0.2 -0.1 56.1 -0.2 -0.1 56.1 -0.2 -0.1
1931 64.1 63.9 -0.3 -0.2 63.9 -0.3 -0.2 63.9 -0.3 -0.2
1932 67.8 66.7 -1.6 -1.1 66.7 -1.6 -1.1 66.7 -1.6 -1.1
1933 61.9 62.9 1.6 1.0 62.9 1.6 1.0 62.9 1o6 1.0
1934 65.3 65.9 0.9 0.6 65.9 0.9 0.6 65.9 0.9 0.6
1935 63.0 63.1 0.2 0.1 63.1 0.2 0.1 63.1 0.2 0.1
1936 60.8 61.5 1.2 0.7 61.5 1.2 0.7 61.5 1.2 0.7
1937 57.5 57.2 -0.5 -0 3, 57.2 -0.5 -0.3 57.2 -0.5 -0.3
1938 56.1 59.8 6.6 3.71 59.8 6.6 3.7 59.8 6.6 3.7
1939 58.8 58.8 0.0 0.0 58.8 0.0 0.0 58.8 0.0 0.0
1940 57.7 57.3 -0.7 -0.4 57.3 -0.7 -0.4 57.3 -0.7 -0.4
1941 54.4 57.3 5.3 2.9 57.3 5.3 2.9 57.3 5.3 2.9
1942 54.6 57.8 5.9 3.2 57.8 5.9 3.2 57.8 5.9 3.2
1943 56.1 60.3 7.5 4.2 60.3 7.5 4.2 60.3 7.5 4.2
1944 61.2 61,7 0.8 0.5 61.7 0.8 0,5 61.7 0.8 0.5
1945 60.7 59.7 -1.6 -1.0 59.7 -1.6 -1.0 59.7 -1.6 -1.0
1946 59.5 58.2 -2.2 -1.3’ 58.2 -2.2 -1o3 58.2 -2.2 -1.3
1947 60.3 60.6 0.5 0.3 60.6 0.5 0.3 60.6 0.5 0.3
1948 57.4 60.1 4.7 2.7 60.1 4.7 2.7 60.1 4.7 2.7
1949 58.7 59.0 0.5 0.3 59.0 0.5 0.3 59.0 0.5 0.3
1950 57.8 58.4 1.0 0.6 58.4 1.0 0.6 58.4 1.0 0.6
1951 61.2 61.4 0.3 0.2 61.4 0.3 0.2 61.4 0.3 0.2
1952 54.9 59.0 7.5 4.1 59.0 7.5 4.1 59.0 7.5 4.1
1953 56.3 59.8 6.2 3.5 59.8 6.2 3.5 59.8 6.2 3.5
1954 57.9 59.3 2.4 1.4 59.3 2.4 1.4 59.3 2.4 1.4
1955 60.1 60.3 0,3 0.2 60.3 0.3 0.2 60.3 0.3 0.2
1956 54.6 58.2 6.6 3.6 58.2 6,6 3.6 58.2 6.6 3.6
1957 55.0 58,6 6.5 3.6 58.6 6.5 3.6 58.6 6.5 3.6
1958 57.1 60,5 6.0 3.4 60.5 6.0 3.4 60.5 6.0 3.4
1959 60.5 61.7 2.0 1.2 61.7 2.0 1.2 61.7 2.0 1.2
1960 61.5 61.4 -0.2 -0.1~ 61.4 -0.2 -0.1 61.4 -0.2 -0.1
1961 60.3 60.2 -0.2 -0.1 60.2 -0.2 -0.1 60.2 -0.2 -0.1
1962 60.4 60.6 0.3 0.2 60.6 0.3 0.2 60.6 0.3 0.2
1963 56.7 61.5 8.5 4.8 61,5 8°5 4.8 61.5 8.5 4,8
1964 59.1 59,0 -0.2 -0.1 59.0 -0.2 -0.1 59.0 -0.2 -0.1
1965 54.4 58.6 7.7 4.2 58.6 7.7 4.2 58.6 7.7 4.2
1966 60.3 60,2 -0.2 -0.1 60.2 -0.2 -0.1 60.2 -0.2 -0.1
1967 57.9 62.6 8.1 4.7~ 62.6 8.1 4.7 62.6 8.1 4.7
1968 61.3 59.7 -2.6 -1.6 59.7 -2.6 -1.6 59.7 -2.6 -1.6
1969 55.4 59.1 6.7 3,7 59.1 6.7 3.7 59.1 6,7 3.7
1970 60.6 60.7 0.2 0.1 60.7 0.2 0.1 60.7 0.2 0,1
1971 55.3 59.8 8.1 4.5 59.8 8.1 4.5 59.8 8.1 " 4.5
1972 58.7 57.6 -1.9 -1.1 57.6 -1.9 -1.1 57.6 -1.9 -1.1
1973 55.5 59.2 6.7 3.7 59.2 6.7 3.7 59.2 6.7 3.7
1974 56.6 60.2 6.4 3.6 60.2 6.4 3.6 60.2 6.4 3.6
1975 58.6 62.1 6.0 3.51 62.1 6.0 3.5 62.1 6.0 3.5
1976 62.0 62.3 0.5 0.31 62.3 0.5 0.3 62.3 0.5 0.3
1977 66.4 65.6 -1.2 -0.81 65.6 -1.2 -0.8 65.6 -1.2 -0.8
1978 54.4 58.6 7.7 4.2 58.6 7.7 4.2 58.6 7.7 4.2
1979 61.3 59.8 -2,4 -1.5 59.8 -2.4 -1.5 59.8 -2.4 -1,5
1980 55.5 59.4 7.0 3.9 59.4 7.0 3.9 59,4 7.0 3.9
1981 61.2 61.2 0.0 0.0 61.2 0.0 0.0 61.2 0.0 0.(~
1982 53.6 58.2 8.6 4.6 58.2 8.6 4.6 58.2 8.6 4.~
1983 56.7 59.8 5.5 3.1 59.8 5.5 3.1 59.8 5.5 3.1
1984 56.2 61.0 8.5 4.8 61.0 8.5 4.8 61,0 8.5 4.5
1985 56.7 57.2 0,9 0.5 57.2 0.9 0.5 57,2 0.9 0.5
1986 56,9 57.0 0.2 0.1 57.0 0.2 0.1 57.0 0.2 0.1
1987 59.2 59.3 0.2 0.1 59.3 0.2 0.1 59.3 0.2 0.1
1988 62.2 61.7 -0.8 -0.5 61.7 -0.8 -0.5 61.7 -0.8 -0.=~
1989 57.8 58.0 0.3 0.2 58.0 0.3 0.2 58.0 0.3
1990 63.8 61.4 -3.8 -2.4 61.4 -3.8 -2.4 61.4 -3.8 -2.4

Mean. 58.7 60.0 2.4 1.3 60.0 2.4 1.3 60.0 2.4 1
Median 58.2 59.8 0.5 0.3 59.8 0.5 0.3 59,8 0.5 0.5
Max 67.8 66.7 8.6 4.8 66.7 8.6 4.8 66,7 8.6 4.~
Min 53.6 56.1 -3.8 -2.4 56.1 -3.8 -2.4 56.1 -3.8 -2.~1

X > 56 56.0 69.0 69.0 69.0
Mean X > 56 59.6 60.0 0.7 0.4 60.0 0.7 0.4 60.0 0.7 0.4

X > 60 25.0 31.0 31.0 31.0
Mean X ¯ 60 62,1 61.9 -0.3 -0.2 61.9 -0.3 -0,2 61.9 -0.3 -0.;

X > 65 3.0 3.0 3.0 3.0
Mean X ¯ 65 66.5 66.1 -0.6 -0.4 66.1 -0.6 -0.4 66.1     -0.6 -0,4

X > 70 0.0 0.0 0.0 0.0
Mean X ¯ 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.[
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December Sacramento River Temperature (F) at Vina
2020 H, trology
Existin~l Project - Screen Onl)/ Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F~
1922 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0,0
1923 47.1 47.3 0.4 0.2 47.3 0.4 0.2 47.3 0.4 0,2
1924 43.3 43.3 0.0 0.0 43.3 0.0 0.0 43.3 0.0 0,0
1925 47.1 47,4 0.6 0.3 47.4 0.6 0,3 47.4 0.6 0.3
1926 47.5 47.2 -0.6 -0.3 47.2 -0.6 -0.3 47.2 -0.6 -0,3
1927 46.6 46.4 -0,4 -0.2 46.4 -0.4 -0.2 46.4 -0.4 -0,2
1928 45.3 45.1 -0.4 -0.2 45.1 -0.4 -0.2 45.1 -0.4 -0,2
1929 47.8 47.7 -0.2 -0.1 47.7 -0.2 -0.1 47.7 -0.2 -0.1
1930 47.2 47.2 0.0 0.0 47.2 0.0 0.0 47.2 0.0 0.0
1931 44.8 44,9 0.2 0.1 44.9 0.2 0.1 44.9 0.2 0.1
1932 43.9 43.9 0.0 0,0 43.9 0.0 0.O 43.9 0.0 0.0
1933 45.6 45.5 -0.2 -0.1 45.5 -0.2 -0.1 45.5 -0.2 -0.1
1934 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1935 47.6 47.6 0.0 0 0, 47.6 0.0 0.0 47.6 0.0 0.0
1936 48.0 47.9 -0.2 -0.11 47.9 -0.2 -0.1 47.9 -0.2 -0.1
1937 48.2 48.0 -0.4 -0.2 48.0 -0.4 -0.2 48.0 -0.4 -0.2
1938 48.9 48.6 -0.6 -0.3 48.6 -0.6 -0.3 48.6 -0.6 -0.3
1939 48.9 48.6 -0.6 -0.3 i 48.6 -0.6 -0.3 48.6 -0.6 -0.3
1940 48.1 48.1 0.0 0.0 48.1 0.0 0.0 48.1 0.0 0.0
1941 47.5 47.6 0.2 0.1 47.6 0.2 0.1 47.6 0.2 0.1
1942 46.4 46.0 -0.9 -0.4; 46.0 -0.9 -0.4 46.0 -0.9 -0.4
1943 47.7 47.7 0.0 0.0 47.7 0.0 0.0 47.7 0.0 0.0
1944 46.8 47.1 0.6 0.31 47.1 0.6 0.3 47.1 0.6 0.3
1945 46.6 46.6 0.0 0.01 46.6 0.0 0.0 46.6 0.0 0.0
1946 46.3 46.1 -0.4 -0.2 46.1 -0.4 -0,2 46.1 -0.4 -0.2
1947 45.5 45.5 0,0 0.0 45.5 0,0 0.0 45.5 0.0 0,0
1948 44.3 44.4 0.2 0,1 44,4 0.2 0.1 44,4 0.2 0.1
1949 45.4 45.4 0,0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1950 47.5 47.7 0.4 0.2 47.7 0,4 0.2 47.7 0.4 0.2
1951 46.3 46.3 0.0 0.0 46.3 0.0 0.0 46.3 0.0 0.0
1952 46.5 46.3 -0.4 -0.21 46.3 -0.4 -0,2 46.3 -0.4 -0.2
1953 48.Z 48,1 -0.6 -0.31 48.1 -0.6 -0.3 48.1 -0.6 -0.3
1954 46.0 45.8 -0.4 -0.2’ 45.8 -0.4 -0.2 45.8 -0.4 -0.2
1955 47.3 47.3 0.0 0.01 47.3 0.0 0.0 47,3 0.0 0,0
1956 48.6 48.7 0.2 0.11 48.7 0.2 0.1 48.7 0.2 0.1
1957 47.4 46.9 -0.4 -0.2 46.9 -0.4 -0.2 46,9 -0.4 -0.2
1958 51.~ 51.4 0.2 0.1 51.4 0.2 0.1 51.4 0.2 0.1
1959 49.7 49.5 -0.4 -0.2 49.5 -0.4 -0.2 49.5 -0.4 -0.2
1960 47.2 46.9 -0.6 -0.3 46.9 -0.6 -0.3 46.9 -0.6 -0.3
1961 46.Z 46.3 -0,2 -0.11 46.3 -0.2 -0.1 46.3 -0.2 -0.1
1962 49.4 48.5 -1.2 -0.6 48.5 -1.2 -0.6 48.5 -1.2 -0.6
1963 45.8 45.8 0.0 0.01 45.8 0.0 0.0 45.8 0.0 0.0
1964 47.0 47.2 0.4 0.2! 47.2 0.4 0.2 47.2 0.4 0.2
1965 45.4 45.0 -0.9 -0.4 45.0 -0.9 -0.4 45.0 -0.9 -0.4
1966 47.8 47.7 -0.2 -0.11 47.7 -0.2 -0,1 47.7 -0.2 -0.1
1967 47.9 47.7 -0.4 -0.2: 47,7 -0.4 -0.2 47.7 -0.4 -0.2
1968 45.6 45.3 -0.7 -0.3 45.3 -0.7 -0.3 45.3 -0.7 -0.3
1969 48.9 48.9 0.0 0.01 48.9 0.0 0.0 48.9 0.0 0,0
1970 46.5 46.6 0.2 0.1 46,6 0.2 0.1 46.6 0.2 0.1
1971 45.4 45.1 -0.7 -0.3 45.1 -0.7 -0.3 45.1 -0.7 -0.3
1972 44.5 44.3 -0.4 -0.2 44.3 -0.4 -0.2 44.3 -0.4 -0.2
1973 46.8 46.7 -0.2 -0.1 46.7 -0.2 -0.1 46.7 -0.2 -0.1
1974 46.6 46.3 -0.6 -0.3 46,3 -0.6 -0.3 46.3 -0.6 -0.3
1975 47.6 47.7 0.2 0.1 47.7 0.2 0.1 47.7 0.2 0,1
1976 50.3 50.1 -0.4 -0.2 50.1 -0.4 -0.2 50.1 -0.4 -0.2
1977 46.9 46.9 0.0 0.0 46.9 0,0 0.0 46,9 0.0 0.0
1978 45.7 45.6 -0.2 -0.1 45.6 -0.2 -0.1 45.6 -0.2 -0.1
1979 46.1 46.0 -0.2 -0.1 46.0 -0.2 -0.1 46.0 -0.2 -0.1
1980 47,5 47,4 -0.2 -0.1 47.4 -0.2 -0.1 47.4 -0.2 -0.1
1981 47.( 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1982 45.8 45.7 -0.2 -0.1 45.7 -0.2 -0.1 45.7 -0.2 -0.1
1983 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1984 45.~ 45.2 -0.4 -0.2 45.2 -0.4 -0.2 45.2 -0.4 -0.2
1985 44.8 44.8 0.0 0.0 44.8 0.0 0.0 44.8 0.0 0.0
1986 46.0 46.0 0.0 0.0 46.0 0.0 0.0 46.0 0.0 0.0
1987 45,5 45.5 0.0 0.0 45.5 0.0 0.0 45.5 0.0 0.0
1988 45,4 45.3 -0.2 -0.1 45.3 -0,2 -0.1 45.3 -0.2 -0.1

1990 42.1 ! 41.9 -0.5 -0.2 41.9 -0.5 -0.2 41.9 -0.5 -0.2
Mean 46.7 46.6 -0.2 -0.1 46.6 -0,2 -0.1 46.6 -0.2 -0.1
Median 46.6 46.6 -0.2 -0.1 46.6 -0.2 -0.1 46.6 -0.2 -0.1
Max 51.3 51.4 0.6 0.3 51.4 0.6 0.3 51.4 0.6 0.3

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0,0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA      0.C

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.¢
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January Sacramento River Temperature (F) at Butte City
199S H drolo~ly
Existin~l Project - Screen Only Project with GF No Project I No Action

Relative Absolute           Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year IFI IF! (%!    (F) (F) (%) (F)     (F) ~%)    IF)
1922 42.2 42.2 0.0 0.0 42.2 0.0 0.0 42,2 0.0 0.0
1923 43.0 43.0 0.0 0.0 43.0 0.0 0.0 43.0 0.0 0.0
1924 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0.0 0.0
1925 44,3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1926 42.7 42.7 0.0 0,0 42,7 0.0 0.0 42.7 0.0 0.0
1927 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1928 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1929 41.8 41.8 0.0 0.0 41.8 0.0 0,0 41.8 0.0 0.0
1930 43.0 43.0 0.0 0.0 43.0 0.0 0.0 43.0 0.0 0.0
1931 45.2 45.2 0.0 0.0 45,2 0.0 0.0 45.2 0.0 0.0
1932 43.5 43,5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1933 42.1 42.1 0.0 0.0 42.1 0.0 0.0 42.1 0.0 0,0
1934 46.2 46.2 0.0 0.0 46.2 0.0 0.0 46.2 0.0 0.0
1935 44.1 44.1 0.0 0.0 44.1 0,0 0,0 44.1 0,0 0.0
1936 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0
1937 38,3 38.3 0.0 0.0 38.3 0.0 0.0 38.3 0.0 0.0
1938 46,2 46.2 0.0 0.0 46.2 0.0 0.0 46.2 0.0 0.0
1939 45.5 45.5 0,0 0.0 45.5 0.0 0.0 45.5 0.0 0.0
1940 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1941 45.6 45.6 0.0 0.0 45.6 0.0 0,0 45.6 0.0 0.0
1942 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1943 44.7 44.7 0.0 0.0 44.7 0.0 0.0 44.7 0.0 0.0
1944 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1945 44.1 44.1 0.0 0.0 44.1 0.0 0.0 44.1 0.0 0.0
1946 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1947 42.7 42.7 0.0 0.0 42.7 0.0 0.0 42.7 0.0 0.0
1948 46.9 46.9 0.0 0.0 46.9 0.0 0.0 46.9 0.0 0.0
1949 39.7 39.7 0.0 0.0 39.7 0.0 0.0 39.7 0.0 0.0
1950 40.6 40.6 0.0 0.0 40.6 0.0 0.0 40.6 0.0 0.0
1951 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1952 43.3 43.3 0.0 0.0 43.3 0.0 0,0 43.3 0.0 0.0
1953 46.1 46.1 0.0 0.0 46,1 0.0 0.0 46.1 0.0 0.0
1954 45.1 45.1 0.0 0.0 45.1 0.0 0.0 45.1 0.0 0.0
1955 42.9 42.9 0.0 0.0 42.9 0.0 0.0 42.9 0.0 0.0
1956 45.1 45,1 0.0 0.0 45.1 0.0 0.0 45.1 0.0 0.0
1957 43.1 43.1 0.0 0.0 43.1 0.0 0.0 43.1 0.0 0.0
1958 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1959 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1960 43.7 43.7 0.0 0.0 43.7 0.0 0.0 43.7 0.0 0.0
1961 43.8 43.8 0.0 0.0 43.8 0.0 0.0 43.8 0.0 0.0
1962 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1963 43.1 43.1 0.0 0.0 43.1 0.0 0.0 43.1 0.0 0.0
1964 43.9 43.9 0.0 0.0 43.9 0.0 0.0 43.9 0.0 0.0
1965 45.5 45.5 0.0 0.0 45.5 0.0 0.0 45.5 0.0 0.0
1966 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1967 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0
1968 43.5 43.5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1969 43.4 43.4 0.0 0.0 43.4 0.0 0.0 43.4 0.0 0.0
1970 46.6 46.6 0.0 0.0 46.6 0.0 0.0 46.6 0.0 0.0
1971 44.6 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1972 43.0 43.0 0.0 0.0 43.0 0.0 0.0 43.0 0.0 0.0
1973 43.4 43.4 0.0 0.0 43.4 0.0 0,0 43.4 0.0 0.0
1974 44.8 44,8 0.0 0.0 44.8 0.0 0,0 44.8 0.0 0.0
1975 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1976 45.8 45.8 0.0 0.0 45.8 0.0 0.0 45.8 0.0 0.0
1977 44.8 44.8 0.0 0.0 44.8 0.0 0.0 44.8 0.0 0.0
1978 45.1 45.1 0.0 0.0 45.1 0.0 0.0 45.1 0.0 0.0
1979 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1980 44.8 44.8 0.0 t 0.0 44.8 0.0 0.0 44.8 0.0 0.0
1981 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1982 43.5 43.5 0.0 0.0 43.5 0.0 0.0 43.5 0.0 0.0
1983 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1984 45.6 45.6 0.0 0.0 45.6 0.0 0.0 45.6 0.0 0.0
1985 43.3 43.3 0.0 0.0 43.3 0.0 0,0; 43.3 0.0 0.0
1986 46.0 46.0 0.0 0.0 46.0 0.0 0,0 46.0 0.0 0.0
1987 43.6 43.6 0.0 0.0 43.6 0.0 0.0 43.6 0,0 0o0
1988 44.3 44.3 0.0 0.0 44.3 0,0 0.0 44.3 0.0 0.0
1989 43.7 43.7 0.0 0.0 43.7 0.0 0.0 43.7 0.0 0.0
1990 44.3 44.3 0.0 0.0’ 44.3 0.0 0.0 44.3 0.0 0.0

Mean 44.1 44.1 0.0 0.0 44.1 0.0 0.0 44.1 0,0 0.0
Median 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
Max 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
Min 38.3 38.3 0.0 0.0 38.3 0.0 0.0 38.3 0.0 0.0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Butte City
t995 H’ Jrology

i Existin~l Project - Screen Only Project with GF No Project / No Action
Relative Absolute          Relative Absolute          Relative Absolute

Temp Temp Change Difference Temp Change Difference Temp Change Difference
Year IF), (F) (%)    (F) ,, (m) !%),, (F)     (F) (%)     (F)
1922 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1923 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0,0
1924 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1925 54.0 54.0 0.0 0.0 54.0 0.0 0.0 54.0 0.0 0.0
1926 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
1927 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1928 52.3 52.3 0.0 0.0 52.3 0.0 0.0 52.3 0.0 0.0
1929 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1930 53.8 53.8 0.0 0.0 53.8 0.0 0.0 53.8 0.0 0.0
1931 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1932 55.2 55.2 0.0 0.0 55.2 0.0 0.0 55.2 0.0 0.0
1933 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1934 57.6 57.6 0.0 0.0 57.6 0,0 0.0 57.6 0.0 0.0
1935 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
1936 54.9 54.9 0.0 0.0 54.9 0.0 0.0 54.9 0.0 0.0
1937 51.7 51.7 0.0 0.0 51.7 0.0 0.0 51.7 0,0 0.0
1938 49.8 49.8 0.0 0.0 49.8 0.0 0.0 49.8 0.0 0.0
1939 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1940 53.3 53.3 0.0 0.0 53.3 0.0 0.0 53.3 0.0 0.0
1941 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
1942 52.3 52,3 0.0 0.0 52.3 0.0 0.0 52.3 0.0 0.0
1943 52.2 52.2 0.0 0.0 52.2 0.0 0.0 52.2 0.0 0.0
1944 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1945 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
1946 52.5 52.5 0.0 0.0 52.5 0.0 0.0 52.5 0.0 0.0
1947 54.0 54,0 0.0 0.0 54.0 0.0 0.0 54.0 0.0 0.0
1948 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1949 50.8 50.8 0.0 0.0 50.8 0.0 0.0 50.8 0.0 0.0
1950 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1951 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 O.0
1952 50.2 50.2 0.0 0.0 50.2 0.0 0.0 50.2 0.0 0.0
1953 52.3 52.3 0.0 0.0 52.3 0.0 0,0 52.3 0.0 0.0
1954 50.9 50.9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0
1955 53.2 53.2 0.0 0.0 53.2 0.0 0.0 53.2 0.0 0.0
1956 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
1957 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
1958 50,2 50.2 0.0 O.0 50.2 0.0 0.0 50,2 0.0 0.0
1959 54.9 54.9 0.0 0.0 54.9 0.0 0.0 54.9 0.0 0.0
1960 53.3 53.3 0.0 0,0 53.3 0.0 0.0 53.3 0.0 0.0
1961 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0
1962 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1963 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1964 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1965 53.1 53.1 0.0 0.0 53.1 0.0 0.0 53.1 0.0 0.0
1966 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1967 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1968 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1969 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
1970 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1971 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 " 0.0
1972 54.6 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1973 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
1974 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1975 50.2 50.2 0.0 0.0 50.2 6.0 0.0 50.2 0.0 0.0
1976 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
1977 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1978 53.2 53.2 0.0 0.0 53.2 0.0 0.0 53.2 0.0 0.0
1979 53.2 53.2 0.0 0.0 53.2 0.0 0.0 53.2 0.0 0.0
1980 51.9 51.9 0.0 0.0 51.9 0.0 0.0 51.9 0.0 0.0
1981 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1982 49.5 49.5 0.0 0.0 49.5 0.0 0.0 49.5 0.0 0.0

~o1983 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1984 54.1 54.1 0,0 0.0 54.1 0.0 0.0 54.1 0.0 0,0
1985 51.5 51.5 0.0 0.0 51.5 0.0 0.0 51.5 0.0 0.0
1986 53.5 53.5 0.0 0.0 53.5 0.0 0.0 53.5 0.0 0.0
1987 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1988 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1989 51.6 51.6 0.0 0.0 51.6 0.0 0.0 51.6 0.0 0.0
1990 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0

Mean 52.5 52.5 0.0 0.0 52.5 0.0 0.0 52.5 0.0 0.0
Median 52.4 52.4 0.0 0.0 52.4 0.0 0.0 52.4 0.0 0.0
Max 57.6 57,6 0.0 0.0 57.6 0.0 0.0 57.6 0.0 0.0
Min 49.5 49.5 0.0 0.0 49.5 0.0 0.0 49.5 0.0 0.0

X > 56 2.0 2.0 2.0 2.0
Mean X > 56 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0.0 0.0 O.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Butte City
t995
Existin~l    Pr0iect - Screen Only          Pro~ect with GF          No Project I No Action

Relative ~,bsolute          Rela~Jve Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%) (F) (F) (%) (F) (F) (%) , (F) ,.
1922 56.1 56.1 0.0 0.0 56.1 0.0 0.0 56.1 0,0 0.0
1923 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.7 -0.2 -0.1
1924 61.3 61.2 -0.2 -0.~ 61.4 0.2 0.1 61.1 -0.3 -0.2
1925 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1926 60.5 60.5 0.0 0.0 60.5 0.0 0.0 60.5 0.0 0.0
1927 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
1928 56.9 56.9 0.0 0.0 56.9 0.0 0.0 56.9 0.0 0.0
1929 56.3 56.4 0.2 0.1 56.4 0.2 0.1 56.2 -0.2 -0.1
1930 59.9 59.9 0.0 0,0 59.9 0.0 0.0 59.8 -0.2 -0.1
1931 59.9 59.9 0.0 0,0 59.9 0.0 0.0 59.8 -0.2 -0.1
1932 57.4 57.4 0.0 0,0 57.4 0.0 0.0 57.3 -0.2 -0.1
1933 59.0 59.1 0.2 0.1 59.1 0.2 0.1 58.9 -0.2 -0.1
1934 61.9 61.9 0.0 0.0 61.9 0.0 0.0 61.8 -0.2 -0.1
1935 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1936 59.7 59.8 0.2 0.1 59.8 0.2 0,1 59.6 -0.2 -0.1
1937 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
1938 55.2 55.2 0.0 0.0 55.2 0.0 0.0 55.2 0.0 0.0
1939 60.5 60.8 0.5 0.3 60.8 0.5 0.3 60.4 -0.2 -0.1
1940 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1941 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
1942 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1943 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1944 56.3 56.4 0.2 0.1 56.4 0.2 0.1 56.3 0.0 0.0
1945 59.9 60.0 0.2 0.1 60.0 0.2 0.1 59,8 -0.2 -0.1
1946 59.1 59.3 0.3 0.2 59.3 0.3 0.2 59.0 -0.2 -0.1
1947 60.8 60.9 0.2 0.1 60.9 0.2 0.1 60.7 -0.2 -0.1
1948 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1949 60.6 60.6 0.0 0.0 60.6 0.0 0.0 60.5 -0.2 -0.1
1950 58.5 58.6 0.2 0.1 58.6 0.2 0.1 58.5 0.0 0.0
1951 58.6 58.7 0.2 0.1 58.7 0.2 0.1 58.5 -0.2 -0.1
1952 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0,0
1953 56.~ 56.3 0.2 0.1 56.3 0.2 0.1 56.2 0.0 0.0
1954 56.6 56.6 0.0 0.0 56.6 0.0 0.0 56.6 0.0 0,0
1955 55.4 55.5 0.2 0.1 55.5 0.2 0.1 55.4 0.0 0.0
1956 57.7 57.8 0.2 0.1 57.8 0,2 0.1 57.7 0.0 0,0
1957 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.0 -0.2 -0,1
1958 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55.6 0.0 0.0
1959 60.1 60.3 0.3 0.2 60.3 0.3 0.2 60.0 -0.2 -0.1
1960 57.1 57.2 0.2 0.1 57.2 0.2 0.1 57.0 -0.2 -0.1
1961 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.0 -0.2 -0.1
1962 60.3 60.4 0.2 0.1 60,4 0.2 0.1 60.2 -0.2 -0.1
1963 53,2 53,2 0,0 0.0 53,2 0.0 0.0 53.2 0.0 0.0
1964 57.0 57.1 0.2 0.1 57,1 0.2 0.1 56.9 -0.2 -0.1
1965 55.5 55.5 0.0 0.0 55,5 0.0 0.0 55.5 0.0 0.0
1966 58.3 58.3 0.0 0.0 58.3 0.0 0.0 58.2 -0.2 -0.1

0,0 52.9 0.0 0.01967 52.9 52.9 0,0 0.0 52,9 0.0
0.11968 58.5 58.6 0.2 0.1 58,6 0,2 58.5 0.0 0.0

1969 55.0 55.0 0.0 0.0 55.0 0.0 0.01 55,0 0.0 0.0
1970 55,9 55.9 0.0 0.0 55.9 0.0 0.01 55.8 =0.2 -0.1
1971 57.0 57.1 0.2 0.1 57.1 0,2 0.1 56.9 -0,2 -0.1
1972 56.6 56.7 0.2 0.1 56.7 0.2 0.1; 56.5 -0.2 -0.1
1973 58.6 56.7 0.2 0.1 58.7 0.2 0.11 56.6 0.0 0.0
1974 55,6 55.6 0.0 0.0 55.6 0.0 0,0 55,6 0.0 0.0
1975 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1976 56,8 56.9 0.2 0.1 56.9 0.2 0.1 56,7 -0.2 -0.1
1977 60.0 60.1 0.2 0.1 60.1 0.2 0.1 59.9 -0.2 -0.1
1978 56.2 56.2 0.0 0.0 56.2 0.0 0.0 56.2 0.0 0.0
1979 57.6 57.6 0.0 0.0 57.6 0.0 0.0 57.6 0.0 0.0
1980 58.4 58.5 0.2 0.1 58.5 0.2 0.1 58.3 -0.2 -0/1
1981 59.8 59.8 0.0 0.0 59.8 0.0 0.0 59.7 -0.2 -0.1
1962 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1983 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54.6 0.0 0.0
1984 56.7 56.8 0.2 0.1 56.8 0.2 0.1 56.6 -0.2 -0.1
1985 60,9 61.1 0.3 0.21 61.1 0.3 0.2 60.8 -0.2 -0.1
1986 58,5 58.5 0.0 0.0 58.5 0.0 0.0 58.5 0.0 0.0
1987 58,6 58.7 0.2 0.1 ! 58.7 0.2 0.1 58.5 -0.2 -0.1
1988 59,7 59,8 0.2 0.1 59.8 0.2 0.1 59,6 -0.2 -0.1
1989 60,4 60.5 0.2 0.1 ~ 60.5 0.2 0.1 60.4 0.0 0.0
1990 60,2 60.4 0.3 0.2 60.4 0.3 0.2 60.1 -0.2 -0.1

Mean 57.6 57.7 0.1 0.1 57.7 0.1 0.1 57.6 -0.1 -0.1
Median 57.4 57.4 0.0 0.0 57.4 0.0 0.0 57.4 0.0 0.0
Max 61.9 61.9 0.5 0.3 61.9 0,5 0.3 61.8 0.0 0.0
Min 52.9 52.9 -0.2 -0.1 52.9 0.0 0.0 52.9 -0.3 -0.2

X > 56 52.0 52.0 52.0 52.0
Mean X > 56 58.5 58.5 0.0 0.0 58.6 0.2 0.1 58.4 -0.2 -0.1

X > 60 11.0 12.0 12.0 10.0
Mean X > 60 60.7 60.7 0.0 0.0 60.7 0.0 0.0 60.7 0.0 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.G

X ¯ 70 0.0 0.0 0.0 0.0
Mean X ¯ 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0,(~
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Sacramento River Temperature (F) at Butte City
1995 H, trolo~ly
Existin~l Proiect - Screen Only Project with GF No Proiect I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Differenc~

Year (F) (F) (%)    (F) IF) (%) (F)     (F) !%)     IF)
1922 60.4 60.4 0.0 0.0 60.4 0.0 0.0 60.4 0.0 0.0
1923 61.1 61.1 0.0 0.0 61.1 0.0 0.0 60.9 -0.3 -0.2
1924 68.0 67.9 -0.1 -0.1 68.0 0.0 0.0 67.9 -0.1 -0.1
1925 63.7 63.7 0.0 0.0 63.7 0.0 0.0 63.8 0.2 0.1
1926 62.7 62.8 0.2 0.1 62.7 0.0 0.0 62.6 -0.2 -0.1
1927 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.7 0.0 0.0
1928 64.2 64.2 0.0 0.0 64.2 0.0 0.0 64.2 0.0 0.0
1929 63.8 63.9 0.2 0.1 63.9 0.2 0.1 63.7 -0.2 -0.1
1930 61.0 61.0 0.0 0.0 61.0 0.0 0.0 60.9 -0.2 -0.1
1931 65.6 65.5 -0.2 -0.1 65.5 -0.2 -0.1 65.8 0.3 0.2
1932 64.5 64.4 -0.2 -0.1 64.4 -0.2 -0.1 64.6 0.2 0.1
1933 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.3 0.0 0.0
1934 65.5 65.5 0.0 0.0 65.5 0.0 0.0 65.4 -0.2 -0.1
1935 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.1 -0.2 -0.1
1936 62.9 62.9 0.0 0.0 62.9 0.0 0.0 62.7 -0.3 -0.2
1937 63.6 63.6 0.0 0.0 63.6 0.0 0.0 63.5 -0.2 -0.1
1938 61.5 61.5 0.0 0.0 61.5 0.0 0.0 61.6 0.2 0.1
1939 62.2 62.1 -0.2 -0.1 62.1 -0.2 -0.1 62.2 0.0 0.0
1940 64,5 64.5 0.0 0.0 64.5 0.0 0.0 64.5 0.0 0.0
1941 58.9 58.9 0.0 0.0 58.9 0.0 0.0 58.9 0.0 0.0
1942 57.7 57.7 0.0 0.0 57.7 0,0 0.0 57.7 0.0 0.0
1943 61.9 61.9 0.0 0.0 61.9 0.0 0.0 61.8 -0.2 -0.1
1944 61.9 61.9 0.0 0.0 61.9 0.0 0.0 61.8 -0.2 -0."
1945 60.8 60.7 -0.2 -0.1 60.7 -0.2 -0.1 60.8 0.0 0.0
1946 62.1 62.1 0.0 0.0 62.1 0.0 0.0 62.0 -0.2 -0.1
1947 63.2 63.2 0.0 0.0 63.2 0.0 0.0 63.1 -0.2 -0.1
1948 57.8 57.8 0.0 0.0 57.8 0.0 0.0 57.9 0.2 0.1
1949 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0.0
1950 62.3 62.3 0.0 0.0 62.3 0.0 0.0 62.1 -0.3 -0.2
1951 61.7 61.7 0.0 0.0 61,7 0.0 0.0 61.7 0.0 0.0
1952 60.9 60.9 0.0 0.0 60.9 0.0 0.0 60.9 0.0 0.0
1953 57.5 57.5 0.0 0.0 57.5 0.0 0.0 57.5 0.0 0.0
1954 61.6 61.6 0.0 0.0 61.6 0.0 0.0 61.6 0.0 0.0
1955 64.0 64.1 0.2 0.1 i 64.1 0.2 0.1 63.9 -0.2 -0.1
1956 58.9 58.9 0.0 0 0 58.9 0.0 0.0 58.9 0.0 0.0
1957 60.8 60.8 0.0 0.0! 60.8 0.0 0.0 60,8 0.0 0.0
1958 61.5 61.5 0.0 0.0i 61.5 0.0 0.0 61.4 -0.2 -0.1
1959 61.9 62.0 0.2 0.1 62.0 0.2 0.1 61.8 -0.2 -0.1
1960 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.0 -0.3 -0.2
1961 59.9 59.9 0.0 0.0 59.9 0.0 0.0 59.9 0.0 0.0
1962 61.,~ 61.4 0.0 0.0 61.4 0.0 0.0 61.3 -0.2 -0.1
1963 62.1 62.1 0.0 0.0 62.1 0.0 0.0 62.1 0.0 0.0
1964 61.2 61.2 0.0 0.6 61.2 0.0 0.0 61.2 0.0 0.0
1965 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.3 0.0 0.0
1966 62.8 62.7 -0.2 -0.1 62.7 -0.2 -0.1 62.7 -0.2 -0.1
1967 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1968 62.5 62.5 0.0 0.0 62.5 0.0 0.0 62.4 -0.2 -0.1
1969 61.1 61.1 0.0 0.0 61.1 0.0 0.0 61.1 0.0 0.0
1970 64.1 64.2 0.2 0.11 64.2 0.2 0.1 64.1 0.0 0.0
1971 57.7 57.7 0.0 0.0 57.7 0.0 0.0 57.7 0.0 0.0
1972 62.5 62.5 0.0 0.0 62.5 0.0 0.0 62.4 -0.2 -0.1
1973 63.5 63.6 0.2 0.1 63.6 0.2 0.1 63.4 -0.2 -0.1
1974 61.3 61.3 0.0 0.0 61,3 0.0 0.0 61.3 0.0 0.0
1975 59.7 59.7 0.0 0.0 59.7 0.0 0.0 59.7 0.0 0.0
1976 64.7 64,7 0.0 0.0 64.7 0.0 0.0 64.6 -0.2 -0,1
1977 61.2 61.2 0.0 0.0 61.2 0.0 0.0 61.3 0.2 0.1
1978 61.5 61.5 0.0 0.0 61.5 0.0 0.0 61.5 ’ 0.0 0.0
1979 62.7 62.7 0.0 0.0 62.7 0.0 0.0 62.6 -0.2 -0.1
1980 61.3 61.3 0.0 0.0i 61.3 0.0 0.0 61.3 0.0 0.0
1981 62.3 62.3 0.0 0.0 62.3 0.0 0.0 62.3 0.0 0.0
1982 64.1 64.1 0.0 0.0 64.1 0.0 0.0 64.1 0.0 0.0
1983 60.2 60.2 0.0 0.0 60.2 0.0 0.0 60.2 0.0 0.0
1984 63.1 63.0 -0.2 -0.1 63.0 -0.2 -0.1 63.1 0.0 0o0
1985 61.2 61.3 0.2 0.1 61.3 0.2 0.1 61.1 -0.2 -0.1
1986 61.8 61.8 0.0 0.0 61.8 0.0 0.0 61.8 0.0 0.0
1987 61.5 61.5 0.0 0.0 61.5 0.0 0.0 61.5 0.0 0.0
1988 60.1 60.1 0,0 0.0 60.1 0,0 0.0 60.2 0.2 0.1
1989 61.5 61.6 0.2 0.1 61.6 0.2 0.1 61.5 0.0 0.0
1990 60.5 60.5 0.0 0.0 60.5 0.0 0.0 60.6 0.2 0.1

Mean 61.8 61.8 0.0 0.0 61.8 0.0 0.0 61.8 0.0 0.(~
Median 61.7 61.7 0.0 0.0 61.7 0.0 0.0 61.7 0.0 0.(~
Max 68.0 67.9 0.2 0.1 68.0 0.2 0,1 67.9 0.3 0.2
Min 57.5 57.5 -0.2 -0.1 57.5 -0.2 -0.1 57.5 -0.3 -0.2

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 61.8 61.8 0.0 0.0 61.8 0.0 0.0 61.8 0.0 0.(~

X > 60 59.0 59.0 59.0 59.0
Mean X > 60 62.4 62.4 0.0 0.0 62.4 0.0 0.0 62.3 -0.2 -0.1

X > 65 3.0 3.0 3.0 3.0
Mean X > 65 66.4 66,3 -0.2 -0.1 66.3 -0.2 -0.1 66.4 0.0 0.C

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.C
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Sacramento River Temperature (F) at Butte City
1995 H Jrolo~w
Existin~l    Project - Screen Only/          Project with GF          No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) !%)    (F!     (F) f%) (F)     IF) !%) (F)
1922 66.6 66.6 0.0 0.0 66,6 0.0 0.0 66.3 -0.5 -0.3
1923 62.0 62.0 0.0 0.0 62.0 0.0 0.0 61.6 -0.6 -0.4
1924 68.8 68.8 0.0 0.0 68.8 0.0 0.0 69.5 1.0 0.7
1925 66.3 66.5 0.3 0.2 66.5 0.3 0.2 66.7 0.6 0.4
1926 67.6 67.9 0.4 0.3 67.9 0.4 0.3 67.6 0.0 0.0
1927 65.8 65.5 -0.5 -0.3 65.5 -0.5 -0.3 65.9 0.2 0.1
1928 65.0 64.7 -0.5 -0.3 64.7 -0.5 -0.3 65.1 0.2 0.1

-0.21 67.5 -0.3 67.9 0.3 0.21929 67.7 67.5 -0,3 -0.2
1930 65.7 65.7 0.0 0.0! 65.7 0.0 0.0 65.9 0.3 0,2
1931 68.6 68.5 -0.1 -0.1 68.5 -0.1 -0.1 69.0 0.6 0.4
1932 70.3 69.8 -0.7 -0.5 69.8 -0.7 -0.5 70.7 0.6 0.4
1933 67.6 67.6 0.0 0.0 67.6 0,0 0.0 67.6 0.0 0.0
1934 67.8 67.8 0.0 0.0’ 67.8 0.0 0.0 68.0 0.3 0.2
1935 66.2 66.4 0.3 0.2 66.4 0.3 0.2 66.0 -0.3 -0.2
1936 65.5 65.6 0.2 0.1 65.6 0.2 0.1 65.5 0.0 0.0
1937 65.6 65.3 -0.5 -0.3 65.3 -0.5 -0.3 65.7 0.2 0.1
1938 66.4 66.3 -0.2 -0.1 66.3 -0.2 -0.1 66.5 0.2 0.1
1939 66.1 66.0 -0.2 -0.1 66.0 -0.2 -0.1 66.3 0.3 0.2
1940 67.8 67.8 0.0 0.0 67.8 0.0 0.0 67.9 0.1 0.1
1941 64.2 64.2 0.0 0.0 64.2 0.0 0.0 64.3 0.2 0,1
1942 65.2 65.0 -0.3 -0.2 65.0 -0.3 -0.2 65.3 0.2 0.1
1943 64.1 63.9 -0.3 -0.2 63.9 -0.3 -0.2 64.2 0.2 0.1
1944 63.8 63.7 -0.2 -0.1 63.7 -0.2 -0.1 63.9 0.2 0.1
1945 66.9 66.7 -0.3 -0.2 66,7 -0.3 -0.2 67.1 0.3 0.2
1946 63.9 63.7 -0.3 -0.2 63.7 -0.3 -0.2 64.1 0.3 0.2
1947 65.8 65.6 -0.3 -0.2 65.6 -0.3 -0.2 65.9 0.2 0.1
1948 64.3 64.3 0.0 0.0 64,3 0.0 0.0 64.4 0.2 0.1
1949 66.7 66.7. 0.0 0.0 66.7 0.0 0.0 66.9 0.3 0.2
1950 65.3 65.1 -0.3 -0.2 65.1 -0.3 -0.2 65.4 0,2 0.1
1951 66.2 66.0 -0.3 -0,2 66.0 -0.3 -0.2 66.3 0.2 0.1
1952 63.1 63.0 -0.2 -0.1 63.0 -0.2 -0.1 63.3 0.3 0.2
1953 63.2 63.0 -0.3 -0.2 63.0 -0.3 -0.2 63.3 0.2 0.1
1954 64.4 64.6 0.3 0.2 64.6 0.3 0.2 64.5 0.2 0.1
1955 65.6 65.7 0.2 0.1 65.7 0.2 0,1 65.8 0.3 0.2
1956 65.7 65.5 -0.3 -0.2! 65.5 -0.3 -0.2 65.9 0.3 0.2
1957 68.9 68.7 -0.3 -0.2 68.7 -0.3 -0.2 69.0 0.1 0.1
1958 64.3 64.3 O.0 0.0 64.3 0.0 0.0 64.4 0.2 0.1
1959 67.3 67.1 -0.3 -0.2 67.1 -0.3 -0.2 67.5 0.3 0.2
1960 68.0 67.9 -0.1 -0.1 67.9 -0.1 -0.1 68.2 0.3 0.2
1961 66.6 66.5 -0.2 -0.1 66.5 -0.2 -0.1 66.8 0.3 0.2
1962 66.2 66.1 -0.2 -0.1 66.1 -0.2 -0.1 66.4 0.3 0.2
1963 66.4 66.5 0.2 0.11 66.5 0.2 0.1 66.5 0.2 0.1
1964 64.7 64.5 -0.3 -0.21 64.5 -0.3 -0.2 64.8 0.2 0.1
1965 65.6 65.3 -0.5 -0.3 65.3 -0.5 -0.3 65,7 0.2 0.1
1966 65.3 65.2 -0,2 -0.1 65,2 -0,2 -0.1 65.5 0.3 0,2
1967 64.6 64.4 -0.3 -0.2 64.4 -0.3 -0.2 64.8 0.3 0.2
1968 66.2 66,1 -0.2 -0,1, 66.1 -0.2 -0.1 66.4 0.3 0.2
1969 64.7 64.7 0.0 0,0 64.7 0.0 0.0 64.8 0.2 0.1
1970 66,0 65.9 -0.2 -0.1 65.9 -0.2 -0.1 66.2 0.3 0.2
1971 64.1 64.1 0.0 0.0 64.1 0.0 0.0 64.2 0.2 0.1
1972 66.1 66.0 -0.2 -0.1 66.0 -0.2 -0.1 66.3 0.3 0.2
1973 67.9 68.0 0.1 0.1 68.0 0.1 0.1 68.1 0.3 0.2
1974 66.0 65.9 -0,2 -0.1 65.9 -0.2 -0.1 66.1 0.2 0.1
1975 66,0 65.9 -0.2 -0.1 65.9 -0.2 -0.1 66,2 0.3 0.2
1976 66.1 66.0 ,-0.2 -0,1 66.0 -0.2 -0.1 66.3 0.3 0,2
1977 70.8 70.6 -0.3 -0.2 70.6 -0.3 -0.2 71.2 0.6 0.4
1978 67.1 67.2 0.1 0.1 67.2 0.1 0.1 67.3 0.3 0.2
1979 65.5 65.7 0.3 0.2 65.7 0.3 0.2 65.5 0.0 0.0
1980 64.1 63.8 -0.5 -0.3 63.8 -0.5 -0.3 64.2 0,2 0.1
1981 68.3 68.2 -0.1 -0.1 68.2 -0.1 -0.1 68.4 0.1 0.1
1982 64.1 63.9 -0.3 -0.2 63.9 -0.3 -0.2 64.2 0.2 0.1
1983 64.0 63.8 -0.3 -0.2 63.8 -0.3 -0,2 64.1 0.2 0.1
1984 66.4 66.3 -0.2 -0.1 66.3 -0.2 -0.1 66.6 0.3 0.2
1985 65.9 66.0 0.2 0.1 66.0 0.2 0.1 66.0 0.2 0.1
1986 65.7 65.7 0.0 0.0 65.7 0.0 0.0 65.9 0.3 0.2
1987 62.0 61.8 -0.3 -0.2 61.8 -0.3 -0.2 62.1 0.2 0.1
1988 62J 62.2 -0.3 -0.2 62.2 -0.3 -0,2 62.5 0.2 0.1
1989 64.6 64.7 0.2 0.1 64.7 0.2 0.1 64.9 0.5 0.3
1990 65.1 65,2 0.2 0.1 65.2 0.2 0.1 65.3 0.3 0.2

Mean 65.8 65.8 -0.1 -0.1 65.8 -0.1 -0.1 66.0 0.2 0,1
Median 65.8 65.7 -0.2 -0.1 65.7 -0.2 -0.1 65.9 0.2 0.1
Max 70.8 70.6 0.4 0.3 70.6 0.4 0.3 71,2 1.0 0.7
Min 62.0 61.8 -0.7 -0.5 61.8 -0.7 -0.5 61.6 -0.6 -0.4

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 65.8 65.8 0.0 0.0 65.8 0.0 0.0 66.0 0.3 0.2

X > 60 69.0 69.0 69.0 69.0
Mean X > 60 65.8 65.8 0.0 0.0 65.8 0,0 0.0 66.0 0.3 0.2

X > 65 48.0 47.0 47.0 49.0
Mean X > 65 66.7 66.7 0.0 0,0 66.7 0.0 0.0 66.8      0.1 0.1

X > 70 2,0 1.0 1.0 2.0
Mean X > 70 70,6 70.6 0.0 0.0 70.6 0.0 0.0 71.0 0.6 0.~
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September Sacramento River Temperature (F) at.Butte City
1995 H trology
I Existin~l    Project - Screen Only/          Project with GF          No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Ternp Change Difference Temp Change Difference

Year (F) (F) (%)    IF) (F) (%) (F)     ~F) !%)     IF)
1922 63.6 63.6 0.0 0.0 63.6 0.0 0.0 63.6 0.0 0.0
1923 63.5 63.5 0.0 0.0 63.5 0.0 0.0 63.5 0.0 0.0
1924 67.0 67.0 0.0 0.0 67.0 0.0 0.0 67.0 0.0 0.0
1925 59.9 59.9 0,0 0.0 59,9 0.0 0,0 59,9 0.0 0.0
1926 61.6 61.6 0.0 0.0 61.6 0.0 0.0 61.6 0.0 0.0
1927 58.9 58.8 0.0 0.0 58.8 0.0 0.0 58,8 0.0 0.0
1928 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.0 0.0 0.0
1929 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.0 0.0 0.0
1930 60.1 60.1 0.0 0.0 60.1 0.0 0.0 60.1 0.0 0.0
1931 66.1 66.1 0.0 0.0 66.1 0,0 0.0 66.1 0.0 0.0
1932 70.7 70.7 0.0 0.0 70.7 0.0 0.0 70.7 0.0 0.0

1934 68.5 68.5 0.0 0.0 68.5 0.0 0.0 68.5 0.0 0.0
1935 65.9 65.9 0.0 0.0 65.9 0.0 0.0 65.9 0.0 0.0
1936 65.0 65.0 0.0 0.0 65.0 0.0 0.0 65.0 0.0 0.0
1937 62.4 62.4 0.0 0,0 62.4 0.0 0.0 62.4 0.0 0.0
1938 60.0 60.0 0.0 0.0 60.0 0.0 0.0 60.0 0.0 0.0
1939 63.8 63.8 0.0 0.0 63.8 0.0 0,0 63.8 0.0 0.0
1940 62.3 62.3 0.0 0.0 62.3 0.0 0.0 62,3 0.0 0.0
1941 58.0 58.0 0.0 0,0 58.0 0.0 0.0 58.0 0.0 0.0
1942 58.5 58.5 0.0 0.0 58.5 0.0 0.0 58.5 0.0 0.0
1943 60.6 60.6 0,0 0.0 60.6 0.0 0.0 60.6 0.0 0.0
1944 66.6 66.6 0.0 0.0 66.6 0.0 0.0 66.6 0.0 0.0
1945 66.2 66.2 0.0 0.0 66.2 0,0 0.0 66.2 0,0 0.0
1946 64,7 64.7 6.0 0.0 64.7 0.0 0.0 64,7 0.0 0.0
1947 66.6 66.6 0.0 0.0 66.6 0.0 0.0 66.6 0.0 0.0
1948 61.4 61.4 0.0 0.0 61.4 0.0 0.0 61.4 0.0 0.0
1949 64.8 64.8 0.0 0.0 64.8 0.0 0.0 64.8 0.0 0.0
1950 63.7 63.7 0.0 0.0 63.7 0.0 0.0 63.7 0.0 0.0
1951 66.3 66.3 0.0 0.0 66.3 0.0 0.0 66.3 0.0 0.0
1952 59.8 59.8 0.0 0.0 59.8 0.0 0.0 59.8 0.0 0.0
1953 60.9 60.9 0.0 0.0 60.9 0.0 0.0 60.9 0.0 0.0
1954 61.8 61.8 0.0 0.0 61.8 0.0 0.0 61,8 0.0 0.0
1955 64.6 64.6 0.0 0.0 64.6 0.0 0.0 64.6 0.0 0.0
1956 58.6 58.6 0,0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1957 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1958 61.3 61.3 0.0 0.0 61.3 0.0 0.0 61.3 0.0 0.0
1959 63.7 63.7 0.0 0.0 63.7 0.0 0.0 63.7 0.0 0.0
1960 65.8 65.8 0.0 0.0 65.8 0.0 0.0 65.8 0.0 0.0
1961 64.0 64.0 0.0 0.0 64.0 0.0 0.0 64.0 0.0 0.0
1962 64,3 64.3 ’ 0,0 0.0 64.3 0.0 0.0 64.3 0.0 0.0
1963 60.8 60.8 0.0 0.0 60.8 0.0 0.0 60.8 0.0 0.0
1964 63.3 63.3 0.0 0.0 63.3 0.0 0.0 63.3 0.0 0.0
1965 57.8 57.6 0.0 0.0 57.8 0.0 0.0 57.8 0.0 0.0
1966 64.4 64.4 0.0 0.0 64.4 0.0 0.0 64.4 0.0 0.0
1967 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0.0
1968 65,6 65.6 0.0 0.0 65.6 0.0 0.0 65.6 0.0 0.0
1969 60,0 60.0 0.0 0.0 60.0 0.0 0.0 60.0 0.0 0.0
1970 65.1 65.1 0.0 0.0 65.1 0.0 0.0 65.1 0,0 0.0
1971 59.2 59.2 0.0 0.0 59.2 0.0 0.0 59.2 0,0 0.0
1972 62.4 62.4 0,0 0.0 62,4 0.0 0.0 62.4 0.0 0.0
1973 59.6 59.6 0.0 0.0 59.6 0.0 0.0 59.6 0.0 0.0
1974 60.9 60.9 0.0 0.0 60.9 0.0 0.0 60.9 0.0 0.0
1975 62.4 62.4 0.0 0.0 62.4 0.0 0.0 62.4 0.0 0.0
1976 65.9 65.9 0.0 0.0 65.9 0.0 0.0 65.9 0.0 0.0
1977 67.6 67,6 0.0 0.0 67.6 0.0 0.0 67.6 0.0 0.0
1978 58.2 58.2 0.0 0.0 58.2 0.0 0.0 58.2 0.0 0.0
1979 66.5 66.5 0.0 0.0 66.5 0,0 0.0 66.5 0.0 0.0
1980 60.0 60.0 0.0 0.0 60.0 0.0 0.0 60.0 0,0 0.0
1981 65.4 65.4 0,0 0.0 65.4 0.0 0.0 65.4 0.0 0.0
1982 57.4 57.4 0.0 0,0 57.4 0.0 0.0 57.4 0.0 0.0
1983 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.2 -0.2 -0.1
1984 60.8 60.8 0.0 0.0 60,8 0,0 0.0 60.8 0.0 0.0
1985 60.4 60.4 0.0 0.0 60.4 0.0 0.0 60.4 0.0 0.0
1986 60.0 60.0 0.0 0.0 60.0 0.0 0,0 60.0 0.0 0.0
1987 64.1 64.1 0.0 0.0 64.1 0.0 0.0 64.1 0.0 0.0
1988 66.6! 66.6 0.0 0.0 66.6 0.0 0.0 66.6 0.0 0.0
1989 61.61 61.6 0.0 0.0 61.6 0.0 0.0 61.6 0.0 0.0
1990 66.61 66.6 0.0 0.0 66.6 0.0 0.0 66.6 0.0 0.0

Mean 62.5 62.8 0.0 0.0 62.8 0.0 0.0 62.8 0.0 0.0
Median :, 63.0 63.0 0.0 0.0 63.0 0.0 0.0 63.0 0.0 0.0
Max 70.7 70.7 0.0 0.0 70.7 0.0 0.0 70.7 0.0 0.0
Min 57.4~ 57.4 0.0 0.0 57.4 0.0 0.0 57.4 -0.2 -0.1

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 62.8 62.8 0.0 0.0 62.8 0.0 0.0 62.8 0.0 0.0

X > 60 53.0 53.0 53.0 53.0
Mean X > 60 64.0 64.0 0.0 0.0 64.0 0.0 0.0 64.0 0.0 0.0

X ¯ 65 19.0 19.0 19.0 19,0
Mean X ¯ 65 66.51 66.5 0.0 0.0 66.5 0.0 0.0 66.5      0.0 0.0

X> 70 1.0’ 1.0 1.0 1.0
Mean X > 70 70.7 70.7 0.0 0.0 70.7 0.0 0.0 70.7 0.0 0.0
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October Sacramento River Temperature (F) at Butte City
t995 H’ ~rology
I Existing Project - Screen Only’ Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F! (F) ~%)     IF) (F~ (%) (FI     (F) (%)     (F)
1922 54.0 54.0 0.0 0.0 54,0 0.0 0.0 54.0 0.0 0.0
1923 56.7 56.7 0.0 0.0 56.7 0.0 0.0 56.7 0.0 0.0
1924 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1925 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.4 0.0 0.0
1926 59.2 59.2 0.0 0.0 59.2 0.0 0.0 59.2 0.0 0.0
1927 56.8 56,8 0.0 0.0 56.8 0.0 0.0 56.8 0.0 0.0
1928 57.2 57.2 0.0 0.0 57.2 0.0 0.0 57.2 0.0 0.0
1929 59.4 59.4 0.0 0.0 59.4 0.0 0.0 59.4 0.0 0.0
1930 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1931 60.1 60.1 0.0 0:0 60.1 0.0 0.0 60.1 0.0 0.0
1932 61.4 61.4 0.0 0.0 61.4 0.0 0.0 61.4 0.0 0.0
1933 63.7 63.7 0.0 0.0 63.7 0.0 0.0 63.7 0.0 0.0
1934 60.6 60.6 0.0 0.0 60.6 0.0 0.0 60.6 0.0 0.0
1935 58.6 58.6 0.0 0.0 58.6 0.0 0.0 58.6 0.0 0.0
1936 60.1 60.1 0.0 0.0 60.1 0.0 0.0 60.1 0.0 0.0
1937 57.6 57.6 0.0 0.0 57,6 0.0 0.0 57.6 0.0 0.0
1938 55.6 55.6 0.0 0.0 55.6 0.0 0.0 55,6 0.0 0.0
1939 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1940 57.5 57.5 0.0 0.0 57.5 0.0 0.0 57.5 0.0 0.0
1941 54.3 54.3 0.0 0.0 54.3 0.0 0.0 54.3 0.0 0.0
1942 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1943 55.8 55.8 0.0 0.0 55.8 0.0 0.0 55.8 0.0 0.0
1944 59.3 59.3 0.0 0.0 59.3 0.0 0.0 59.3 0.0 0.0
1945 58.7 58.7 0.0 0.0 58.7 0.0 0.0 58.7 0.0 0.0
1946 55.4 55.4 0.0 0.0 55.4 0.0 0.0 55.4 0.0 0.0
1947 58.0 58.0 0.0 0.0 58.0 0.0 0.0 58.0 0.0 0.0
1948 57.0 57.0 0,0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1949 55.9 55.9 0.0 0.0 55.9 0.0 0.0 55.9 0.0 0.0
1950 55.2 55.2 0.0 0.0 55,2 0.0 0.0 55.2 0.0 0.0
1951 55.2 55.2 0.0 0.0i

55,2 0.0 0.0 55.2 0.0 0.0
1952 56.6 56.6 0.0 0.01 56.6 0.0 0.0 56.6 0.0 0.0
1953 54.8 54.8 0.0 0.0i 54.8 0.0 0.0 54.8 0.0 0.0
1954 56.4 56.4 0.0 0.0; 56.4 0.0 0.0 56.4 0.0 0.0
1955 58.3 58.3 0.0 0.0 58.3 0.0 0.0 58.3 0.0 0.0
1956 54.4 54.4 0.0 0.0 54.4 0.0 0.0 54.4 0.0 0.0
1957 55.2 55.2 0.0 0.0 55.2 0.0 0.0 55.2 0.0 0.0
1958 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
1959 60.0 60.0 0.0 0.0 60.0 0.0 0,0 60.0 0.0 0,0
1960 57.6 57.6 0.0 0.0 57,6 0.0 0.0 57.6 0.0 0.0
1961 58.6 58.6 0.0 0.0 58,6 0.0 0,0 58.6 0.0 0.0
1962 57.3 57.3 0.0 0.0 57,3 0.0 0.0 57.3 0.0 0.0
1963 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.4 0.0 0.0
1964 60.3 60.3 0.0 0.0 60.3 0.0 0.0 60.3 0.0 0.0
1965 58.0 58.0 0.0 0.0 58.0 0,0 0.0 58.0 0.0 0.0
1966 57.5 57.5 0.0 0.0 57.5 0,0 0.0 57.5 0.0 0.0
1967 57.6 57.6 0.0 0.01 57.6 0.0 0.0 57.6 0.0 0.0
1968 57.2 57.2 0.0 0.0i 57.2 0.0 0.0 57.2 0.0 0.0
1969 52.3 52.3 0.0 0.01 52.3 0.0 0.0 52.3 0.0 0.0
1970 55.5 55.5 0.0 0.0 55.5 0.0 0.0 55.5 0.0 0.0
1971 54.6 54.6 0.0 0.0 54.6 0.0 0.0 54.6 0.0 0.0
1972 54.5 54.5 0.0 0.0 54.5 0.0 0.0 54.5 0.0 0.0
1973 53.8 53.8 0.0 0.0 53.8 0.0 0.0 53.8 0.0 0.0
1974 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0
1975 55.3 55.3 0.0 0.0 55.3 0.0 0.0 55.3 0.0 0.0
1976 60.4 60.4 0.0 0.0 60.4 0.0 0.0 60.4 0.0 0.0
1977 61.1 61.1 0.0 0.0 61.1 0.0 0.0 61.1 0.0 0.0
1978 59.7 59.7 0,0 0.0 59.7 0.0 0.0 59.7 0.0 0.0
1979 56.4 56,4 0.0 0.0 56.4 0.0 0.0 56.4 0.0 0.0
1980 56.8 56.8 0.0 0.0 56.8 0.0 0.0 56.8 0.0 0.0
1981 57.0 57.0 0.0 0.0 57.0 0.0 0,0 57.0 0.0 0.0
1982 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1983 55.7 55.7 0.0 0.0 55.7 0.0 0.0 55.7 0.0 0.0
1984 53.9 53.9 0.0 0.0 53.9 0.0 0.0 53.9 0,0 0.0
1985 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1986 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.1 0.0 0.0
1987 60.6 60,6 0.0 0.0 60.6 0.0 0.0 60.6 0.0 0.0
1988 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0.0
1989 58.1 58.1 0.0 0.0 58.1 0.0 0.0 58.1 0.0 0.0
1990 61.1 61.1 0.0 0.0 61.1 0.0 0.0 61.1 0.0 0.0

Mean 57.3 57.3 0.0 0.0 57,3 0.0 0,0 57.3 0.0 0.0
Median 57.1 57.1 0.0 0.0 57.1 0.0 0.0 57.1 0.0 0.0
Max 63.7 63.7 0.0 0.0 63.7 0.0 0.0 63.7 0.0 0.0
Min 52.3 52.3 0.0 0.0 52.3 0.0 0.0 52.3 0.0 0.0

X > 56 47.0 47.0 47.0 47,0
Mean X > 56 58.5 58.5 0.0 0.0 58.5 0.0 0.0 58.5 0.0 0.(]

X> 60 11.0 11.0 11.0 11.0
Mean X > 60 61.1 61.1 0.0 0.0 61.1 0.0 0.0 61.1 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA      0.(~

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.(;
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November Sacramento River Temperature (F) at Butte City
t995
Existin~l Project - Screen Only Project with GF No Project / No Action

Relative Absolute           Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F! (F) (%~)    (F!    IF) (%) (F)    (F) (%)    (F!1922 48.1 48.1 0.0 0,0 48.1 0.0 0.0 48.1 0.0 0.0
1923 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1924 50.9 50.9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0
1925 48.9 48.9 0.0 0.0 48.9 0.0 0.0 48.9 0.0 0.0
1926 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52,6 0.0 0.0
1927 51.3 51.3 0.0 0,0 51,3 0.0 0.0 51.3 0.0 0.0
1928 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0
1929 55.1 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
1930 52.7 52.7 0.0 0.0 52.7 0.0 0.0 52.7 0.0 0,0
1931 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1932 54.7 54.7 0,0 0,0 54.7 0.0 0.0 54.7 0.0 0.0
1933 54.8 54.8 0.0 0.0 54.8 0.0 0.0 54.8 0.0 0.0
1934 52.0 52,0 0.0 0.0 52.0 0.0 0.0 52.0 0.0 0.0
1935 50.9 50.9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0’
1936 ’ 54.6 54.6 0.0 0.0 54.6 0.0 0,0 54.6 0.0 0.0
1937 51.3 51.3 0.0 0.0 51.3 0.0 0,0 51.3 0.0 0.0
1938 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1939 53.6 53.6 0.0 0.0! 53.6 0.0 0.0 53.6 0.0 0.0
1940 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1941 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1942 51.3 51.3 0.0 0.0 51.3 0.0 0.0 51.3 0.0 0.0
1943 51.4 51.4 0.0 0,0! 51.4 0.0 0.0 51.4 0.0 0.0
1944 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0,0
1945 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50,4 0.0 0.0
1946 49.2 49.2 0.0 0.0 49,2 0.0 0,0 49.2 0.0 0.0
1947 50.5 50.5 0.0 0.0! 50.5 0.0 0.0 50.5 0,0
1948 51.7 51.7 0.0 0.0 51.7 0.0 0.0 51.7 0.0 0.0
1949 51.7 51.7 0.0 0.0 51,7 0.0 0.0 51.7 0.0 0.0
1950 48.3 48.3 0.0 0.0 48.3 0.0 0.0 48.3 0.0 0.0
1951 48.9 48.9 0.0 0.01 48.9 0.0 0.0 48.9 0.0
1952 49.9 49.9 0.0 0.01 49.9 0.0 0.0 49.9 0.0 0.0
1953 51.8 51.8 0.0 0.0 51.8 0,0 0.0 51,8 0.0 0.0
1954 51,3 51.3 0.0 0.0 51.3 0.0 0.0 51,3 0.0 0.0
1955 49.9 49.9 0,0 0,0 49,9 0.0 0.0 49.9 0.0 0.0
1956 52.8 52.8 0.0 0.0 52.8 0.0 0.0 52.8 0.0 0.0
1957 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1958 53.7 53.7 0.0 0.0 53.7 0.0 0.0 53.7 0.0 0.0
1959 53.9 53.9 0.0 0.0 53.9 0.0 0,0 53.9 0.0 0.0I
1960 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0,1
1961 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0 0.0~

1962 53.0 53.0 0.0 0.0 53.0 0.0 0.0 53.0 0.0 0.0
1963 51.0 51.0 0.0 0.0 51.0 0.0 0.0 51.0 0.0 0.0
1964 50.1 50.1 0.0 0.0 50.1 0.0 0.0 50.1 0.0 0.0
1965 51.1 51.1 0.0 0.0 51.1 0.0 0.0 51.1 0.0
1966 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0,0
1967 54.3 54.3 0.0 0.0! 54.3 0.0 0.0 54.3 0.0 0.0I1968 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0 0
1969 52,3 52.3 0.0 0.0 52.3 0,0 0.0 52.3 0.0 0.0
1970 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.0
1971 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0!
1972 49.6 49.6 0.0 0.0 49.6 0.0 0.0 49.6 0.0 0.0
1973 50.0 50.0 0.0 0.0 50.0 0.0 0.0 50.0 0.0 0.0
1974 51.7 51.7 0.0 0.0 51.7 0.0 0.0 51.7 0.0 0.0
1975 50,8 50.8 0.0 0.0 50.8 0.0 0.0 50.8 0.0 0.0
1976 54.7 54.7 0,0 0.0 54,7 0.0 0.0 54.7 0.0 0.0
1977 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1978 50,3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1979 49.9 49.9 0.0 0.0 49.9 0.0 0.0 49.9 0.0 0.0
1980 50.3 50.3 0.0 0.0 50.3 0.0 0.0 50.3 0.0 0.0
1981 51.4 51.4 0.0 0.0 51.4 0.0 0.0 51.4 0.0 0.0
1982 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1983 52.0 52.0 0.0 0.0 52.0 0.0 0.0 52.0 0.0 0.0
1984 50.2 50.2 0.0 0.0 50.2 0.0 0.0 50.2 0.0 0.0
1985 47.6 47.6 0.0 0.0 47.6 0.0 0,0 47.6 0.0 0.0
1986 50.8 50.8 0.0 0.0 50.8 0.0 0.0 50.8 0.0 0.0
1987 51.6 51.6 0.0 0.0 51,6 0.0 0.0 51.6 0.0 0.0
1988 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
1989 52.1 52.1 0.0 0.0 52.1 0.0 0.0 52.1 0.0 0.0
1990 50.9 50.9 0.0 0.0 50.9 0.0 0.0 50.9 0.0 0.0

Mean 51.3 51.3 0,0 0.0 51.3 0.0 0.0 51.3 0.0 0.0
Median 51.2 51.2 0.0 0.0 51.2 0.0 0.0 51.2 0.0 0.0
Max 55." 55.1 0.0 0.0 55.1 0.0 0.0 55.1 0.0 0.0
Min 47.6 47.6 0.0 0.0 47.6 0.0 0.0 47.6 0.0 0.0

X > 56 0.0 0,0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0,0 NA 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0,0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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December Sacramento River Temperature (F) at Butte City I
1995 H drolo~ly
Existing Proiect - Screen Only, Project with GF No Project I No Action ¯

Relative Absolute          Relative Absolute          Relative Absolute |Temp Temp Change Difference Temp Change Differenc~ Temp Change Difference
Year IF) (F) (%)    (F) (F) (%) (F)     (F) (%)    (F)
1922 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1923 45.9 45.9 0.0 0.0 45.9 0.0 0.0 45.9 0.0 0.0
1924 42.2 42.2 0.0 0.0 42.2 0.0 0.0 42.2 0.0 0.0
1925 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1926 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1927 45.9 45.9 0.0 0.0 45.9 0.0 0.0 45.9 6.0 0.0
1928 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0 ¯

|1929 47.4 47.4 0.0 0.0 47.4 0.0 0.0 47.4 0.0 0.0
1930 46.0 46.0 0.0 0.0 46.0 0.0 0.0 46.0 0.0 0.0
1931 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1932 42.5 42.5 0.0 0.0, ¯ 42.5 0.0 0.0 42.5 0.0 0.0
1933 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0 ¯

|1934 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0
1935 46.7 46.7 0.0 0.0 46.7 0.0 0.0 46.7 0.0 0.0
1936 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1937 47.8 47.8 0.0 0.0 47.8 0.0 0.0 47.8 0.0 0.0
1938 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0 ¯
1939 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1940 47.8 47.8 0.0 0.0 47.8 0.0 0.0 47.8 0.0 0.0
1941 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1942 45.8 45.8 0.0 0.0 45.8 0.0 0.0 45.8 0.0 0.0
1943 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0 ¯
1944 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1945 46.3 46.3 0.0 0.0 46.3 0.0 0.0 46.3 0.0 0.0
1946 45.7 45.7 0.0 0.0 45.7 0.0 0.0 45.7 0.0 0.0
1947 44.6 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1948 43.4 43.4 0.0 0.0 43.4 0.0 0.0 43.4 0.0 0.0 ¯
1949 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1950 47.2 47.2 0.0 0.0 47.2 0.0 0.0 47.2 0.0 0.0
1951 45.9 45.9 0.0 0.0 45.9 0.0 0.0 45.9 0.0 0.0
1952 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0
1953 47.9 47.9 0.0 0.0 47.9 0.0 0.0 47.9 0.0 0.0 ¯
1954 45.3 45.3 0.0 0.0 45.3 0.0 0.0 45.3 0.0 0.0
1955 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1956 47.1 47.1 0.0 0.0 47.1 0.0 0.0 47.1 0.0 0.0
1957 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1958 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0 ¯
1959 48.4 48.4 0.0 0.0 48.4 0.0 0.0 48.4 0.0 0.0
1960 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1961 45.7 45.7 0.0 0.0 45.7 0.0 0.0 45.7 0.0 0.0
1962 48.5 48.5 0.0 0.0 48.5 0.0 0.0 48.5 0.0 0.0
1963 44.6 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0 ¯
1964 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1965 44.3 44.3 0.0 0.0 44.3 0.0 0.0 44.3 0.0 0.0
1966 47.3 47.3 0.0 0.0 47.3 0.0 0.0 47.3 0.0 0.0
1967 47.0 47.0 0.0 0.0 47.0 0.0 0.0 47.0 0.0 0.0
1968 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0 ¯
1969 48.5 48.5 0.0 0.0 48.5 0.0 0.0 48.5 0.0 0.0
1970 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0
1971 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1972 43.7 43.7 0o0 0.0 43.7 0.0 0.0 43.7

I1973 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1974 45.8 45.8 0.0 0.0 45.8 0.0 0.0 45.8 0.0 0.0
1975 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1976 48.8 48.8 0.0 0.0 48.8 0.0 0.0 48.8 0.0 0.0
1977 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0 lib

I1978 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0
1979 45.9 45.9 0.0 0.0 45.9 0.0 0.0 45.9 0.0 0.0
1980 47.2 47.2 0.0 0.0 47.2 0.0 0.0 47.2 0.0 0.0
1981 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1982 45.6 45.6 0.0 0.0 45.6 0.0 0.0 45.6 0.0 0.0

I1983 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1984 45.0 45.0 0.0 0.0 45.0 0.0 0.0 45.0 0.0 0.0
1985 44.0 44.0 0.0 0.0 44.0 0.0 0.0 44.0 0.0 0.0
1986 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1987 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0.0 0.0

I1988 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1989 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1990 40.9 40.9 0.0 0.0 40.9 0.0 0.0 40.9 0.0 0.0

Mean 46.0 46.0 0.0 0.0 46.0 0.0 0.0 46.0 0.0 0.0
Median 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0

IMax 50.7 50.7 0.0 0.0 50.7 0.0 0.0 50.7 0.0 0.0
Min 40.9 40.9 0.0 0.0 40.9 0.0 0.0 40.9 0.0 0.0

X > 56 0.0 0.0 0.0 0.0
Mean X > 56 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0.0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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i ’B.6.5 Butte City- 2020 Hydrology

i
!
i

I
1
!
I
i
I
|
I
!
1
i
I
I

C--O 8 6 1 1 5
C-086115



~ ~o      ~~ ~ ~ ~ ooo~,ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo ~ ~A~bh bbbbb~bbbb~b~NAbb~bbb~bb~bb~bbb~b~bbb~b~bbbbA~bbb~bb~b~bb~           =

~ ~ ~ ~ ~,~~~~~~ooooooooooooooooSooooooooooooooooooooooooo

bNbL’bbbbb~bbb~bN~bbbbbbbbb~bbb33b~bbbNbNbb~bb~gbb~bbbbbbbbb~gbb~gbb~bbg

~ o ~ ~ ooo~,oooooooooooooooooooooooooooooooooooooooo~oooooooooooooooooooooooo ~





Sacramento River Temperature (F) at Butte City
2020 H ~lrology
Existing Proiect - Screen Only/ Prolect with GF No Proj~ect I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Differenc~

Year (F) (F) (%)    IF) (F) (%) IF)     (F) f%)    (F)
1922 50.6 50.6 0.0 0.0 50.6 0.0 0.0 50.6 0.0 0.(~
1923 55.1 55.1 0,0 0,0 55,1 0,0 0.0 55,1 0.0
1924 52,8 53,0 0.4 0,2 53,0 0,4 0,2 53,0 0,4 0,2
1925 54,0: 54,0 0,0 0.0 54,0 0.0 0,0 54,0 0,0 0,(~
1926 57,1 57.1 0,0 0.0 57.1 0,0 0.0 57,1 0,0 0,(:]
1927 51.5’ 51,6 0,2 0.1 51,6 0.2 0.1 51,6 0,2 0.1
1928 52,3 52,3 0,0 0,0 52,3 0,0 0,0 52,3 0,0 0.(]
1929 53.7 53,7 0.0 0,0 53,7 0,0 0.0 53,7 0,0 0,(]
1930 53,8 53,7 -0,2 -0,1 53,7 -0,2 -0,1 53,7 -0,2 -0,1
1931 54,8 55,0 0,4 0.2 55,0 0.4 0,2 55,0 0.4 0.2
1932 55,2 54,8 -0,7 -0,4 54.8 -0°7 -0,4 54.8 -0,7 -0,4
1933 53,0 53,1 0.2 0,1 53,1 0.2 0,1 53,1 0,2 0,1
1934 57,6 57,7 6,2 0,1 57,7 0,2 0,1 57,7 0,2 0,1
1935 50,7 50,7 0.0 0,0 50,7 0,0 0,0 50,7 0.0 0,0
1936 54,9 54.9 0.0 0,0 54,9 0.0 0,0 54,9 0.0 0,0
1937 51,7 51,8 0.2 0.1 51.8 0,2 0,1 51,8 0,2 0.1
1938 49,8 49,8 0,0 0.0 49,8 0,0 0,0 49,8 0,0 0.0
1939 54,8 54,8 0,0 0,0 54,8 0,0 0,0 54,8 0,0 0,0
1940 53,3 53,2 -0.2 -0,1 53,2 -0,2 -0,1 53.2 -0,2 -0,1
1941 52,4 52,4 0,0 0,0 52,4 0,0 0,0 52.4 0,0 0,0
1942 52.3 52.3 0,0 0,0 52.3 0.0 0,0 52,3 0.0 0.0
1943 52.2 52.3 0.2 0.1 52.3 0.2 0.1 52.3 0.2 0.1
1944 53,7 53,7 0.0 0.0 53,7 0,0 0.0 53.7 0,0 0,0
1945 50,7 50.6 -0.2 -0.1 50,6 -0,2 -0.1 50.6 -0.2 -0,1
1946 52,5 52.5 0.0 0,0 52,5 0.0 0.0 52,5 0,0 0.0
1947 54.0 54,0 0,0 0,0 54,0 0,0 0,0 54,0 0,0 0,0
1948 50,4 50,4 0,0 0,0 50.4 0,0 0,0 50,4 0,0 0,0
1949 50,8 50.8 0.0 0,0 50,8 0.0 0,0 50,8 0.0 0,0
1950 51.5 51,5 0,0 0,0 51,5 0.0 0,0 51,5 0.0 0.0
1951 52,4 52,4 0,0 0.0 52.4 0,0 0,0 52,4 0,0 0,0
1952 50,2 50,2 0,0 0,0 50.2 0,0 0,0 50,2 0,0 0,0
1953 52,3 52,3 0,0 0.0 52,3 0,0 0,0 52~3 0,0 0,0
1954 50,9 50.9 0.0 0.0 50.9 0,0 0,0 50.9 0.0 0.0
1955 53,2 53,2 0,0 0.0 53.2 0,0 0,0 53,2 0.0 0.0
1956 52,4 52,4 0,0 0,0 52,4 0,0 0,0 52.4 0.0 0.0
1957 52,4 52,4 0,0 0,0 52,4 0,0 0,0 52.4 0,0 0,0
1958 50,2 50,2 0,0 0,0 50,2 0.0 0,0 50.2 0,0 0.0
1959 54,9 54,9 0.0 0,0 54.9 0,0 0,0 54,9 0,0 0,0
1960 53,3 53,2 -0,2 -0,1 53,2 -0.2 -0.1 53,2 -0,2 -0,1
1961 51,4 51,5 0,2 0,1 51,5 0,2 0,1 51,5 0,2 0,1
1962 51.2 51,2 0.0 0.0 51,2 0,0 0,0 51,2 0.0 0.0
1963 51.5 51,6 0,2 0,1 51,6 0,2 0.1 51.6 0,2 0.1
1964 52,6 52,6 0,0 0,0 52.6 0,0 0,0 52,6 0,0 0,0
1965 53,1 53,1 0,0 0,0 53,1 0,0 0.0 53,1 0,0 0,0
1966 52,1 52,4 0,6 0,3 52.4 0,6 0,3 52.4 0,6 0,3
1967 50.6 50.7 0.2 0.1 50.7 0.2 0.1 50.7 0.2 0.1
1968 53.6 53.6 0.0 0.0 53.6 0.0 0.0 53.6 0.0 0.0
1969 51.8 51.8 0.0 0.0 51.8 0.0 0.0 51.8 0.0 0.0
1970 52.6 52.6 0.0 0.0 52.6 0.0 0.0 52.6 0.0 0.0
1971 50.4 50.4 0.0 0.0 50.4 0.0 0.0 50.4 0.0 0.0
1972 54,8 54,8 0,0 0.0 54,8 0.0 0.0 54,8 0,0 0.0
1973 50,7 50,7 0,0 0,0 50,7 0,0 0.0 50,7 0,0 0.0
1974 51,5 51,5 0,0 0,0 51,5 0.0 0.0 51,5 0.0 0.0
1975 50.2 50,4 0,4 0,2 50.4 0.4 0,2 50,4 0,4 0,2
1976 52,4 52,4 0,0 0,0 52,4 0.0 0.0 52,4 0.0 0.0
1977 52,1 51,5 -1,2 -0,6 51,5 -1,2 -0.6 51,5 -1.2 -0.6
1978 53,2 53,2 0,0 0,0 53,2 0,0 0,0 53,2 . 0,0 0,0
1979 53,2 53,2 0,0 0,0 53,2 0,0 0,0 53.2 0.0 0,0
1980 51,9 51,9 0,0 0,0~ 51.9 0.0 0,0 51.9 0,0 0.0
1981 52,1 52,1 0,0 0,0 52,1 0,0 0,0 52,1 0.0 0,0
1982 49,5 49,5 0,0 0,0 49,5 0,0 0.0 49.5 0.0 0.0
1983 51,1 51,1 0,0 0,0 51,1 0,0 0,0 51.1 0,0 0,0
1984 54,1 54.2 0.2 0,1 54.2 0,2 0.1 54,2 0,2 0.1
1985 51,5 51,5 0.0 0.0 51.5 0.0 0,0 51,5 0,0 0,0
1986 53,5 53,5 0,0 0,0 53,5 0,0 0,0 53,5 0,0 0,0
1987 51.6 51.7 0.2 0.1 51.7 0.2 0.1 51.7 0.2 0.1
1988 55.5 55.4 -0.2 -0.1 55.4 -0.2 -0.1 55.4 -0.2 -0.1
1989 51.6 51.5 -0.2 -0.1 51.5 -0.2 -0.1 51.5 -0.2 -0.1
1990 54.7 54.7 0.0 0.0 54.7 0.0 0.0 54.7 0.0 0.0

Mean 52.5 52.5 0.0 0.0 52.5 0.0 0.0 52.5 0.0 0.0
Median 52,4 52,4 0,0 0,0 52,4 0,0 0,0 52,4 0,0 0,0
Max 57.6 57.7 0.6 0,3 57.7 0.6 0,3 57,7 0.6 0.3
Min 49.5 49.5 -1.2 -0.6 49.5 -1.2 -0.6 49.5 -1.2 -0.6

X > 56 2,0 2,0 2,0 2,0
Mean X > 56 57.4 57,4 0.0 0.0 57.4 0.0 0.0 57,4 0,0 0,0

X > 60 0.0 0.0 0,0 0,0
Mean X > 60 0,0 0,0 NA 0,0 0,0 NA 0,0 0,0 NA 0,0

X > 65 0,0 0.0 0,0 0,0
Mean X > 65 0,0 0,0 NA 0,0 0,0 NA 0,0 0,0      NA 0,0

X > 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0i 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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Sacramento River Temperature (F) at Butte City
2020 H drolo~
Existin~l Project - Screen Only Prolect with GF No Proiect / No Action

Relative Absolute           Relative Absolute           Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)     IF) IF) (%) (F)     (F! (%)
1922 60.4 60.5 0.2 0.1 60.5 0.2 0.1 60.4 0.0 0.0

1924 68.0 67.4 -0.9 -0.6 67.4 -0.9 -0.6 67.4 -0.9 -0.6
1925 63.7 64.5 1.3 0.8 64.5 1.3 0.8 64.6 1.4 0.9
1926 62.7 63.0 0.5 0.3 63.0 0.5 0.3 62.8 0.2 0.1
1927 59.7 59.8 0.2 0.1 59.8 0.2 0.1 59.7 0.0 0.0
1928 64.2 64.3 0.2 0.1 64.3 0.2 0.1 64.3 0.2 0.1
1929 63.8 63.3 -0.8 -0.5 63.3 -0.8 -0.5 63.1 -1.1 -0.7
1930 61.0 60.8 -0.3 -0.2 60.8 -0.3 -0.2 60.7 -0.5 -0.3
1931 65.6 67.6 3.0 2.0 67.6 3,0 2,0 68.0 3.7 2.4
1932 64.5 63.9 -0.9 -0.6 63.9 -0.9 -0.6 64.1 -0.6 -0,4
1933 61.3 60.9 -0.7 -0.4 60.9 -0.7 -0.4 60.8 -0.8 -0.5
1934 65.5 65.2 -0.5 -0.3 65.2 -0.5 -0.3 65.1 -0.6 -0.4
1935 62.2 61.8 -0.6 -0.4 61.8 -0.6 -0.4! 61.7 -0.8 -0.5
1936 62.9 63.8 1.4 0.9 63.8 1.4 0.9! 63.5 1.0 0.6
1937 o 63.6 64.4 1.3 0.8 64.4 1.3 0.8’ 64.3 1.1 0.7

1939 62.2 62.5 0.5 0.3 62.5 0.5 0.3! 62.6 0.6 0.4
1940 64.5 65.3 1.2 0.8 65.3 1.2 0.81 65.2 1.1 0.7
1941 58.9 58.9 0.0 000 58.9 0.0 0.0 58.9 0.0 000
1942 57.7 57.5 -0.3 -0.2 57,5 -0.3 -0.2 57.6 -0.2 -0.1

1944 61.9 62.4 0.8 0.5 62.4 0.8 0.5 62.3 0.6 0.4
1945 60.8 59.8 -1.6 -1.0 59.8 -1.6 -1.0 59.9 -1.5 -0.9
1946 62.1 62.3 0.3 0.2 62.3 0.3 0.2 62.2 0.2 0.1
1947 63.2 63.8 0.9 0.6 63.8 0.9 0.6 63.7 0.8 0.5
1948 57.8 57.6 -0.3 -0.2 57.6 -0.3 -0.2 57.6 -0.3 -0.2
1949 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0.0
1950 62.3 63.1 1.3 0.8 63.1 1.3 0.8 62.9 1.0 0.6
1951 61.7 61.2 -0.8 -0.5 61.2 -0.8 -0.5 61.3 -0.6 -0.4
1952 60.9 61.0 0.2 0.1 61.0 0.2 0.1 61.0 0.2 0.1
1953 57.5 57.4 -0.2 -0.1 57.4 -0.2 -0.1 57’.3 -0.3 -0.2
1954 61.6 62.1 0.8 0.5 62.1 0.8 0.5 62.1 0.6 0.5
1955 64.0 64.4 0.6 0.4 64.4 0.6 0.4 64.2 0.3 0.2
1956 58.9 58.9 0.0 0.0 58.9 0.0 0.0 58.9 0.0 0.0

1958 61.5 61.5 0.0 0.0 61.5 0.0 0.0 61.5 0.0 0.0
1959 61.9 62.7 1.3 0.8 62.7 1.3 0.81 62.4 0.8 0.5
1960 62.2 63.0 " 1.3 0.8 63.0 1.3 0.8! 62.8 1.0 0.6
1961 59,9 60.1 0.3 0.2 60.1 0.3 0.2 60.1 0.3 0.2
1962 61.4 62.2 1.3 0.8 62.2 1.3 0.81 62.1 1.1 0.7
1963 62.1 62.1 0.0 0.0 62.1 0.0 0.01 62.1 0.0 0.0
1964 61.2 61.4 0.3 0.2 61.4 0.3 0.2 61.3 0.2 0.1
1965 61.3 61.4 0.2 0.1 61.4 0.2 0.1 ~ 61.4 0.2 0.1
1966 62.8 62.7 -0.2 -0.1 62.7 -0.2 -0.1 62.7 -0.2 -0.1
1967 58.6 58.6 0.0 0.0 58.6 0.0 0.0: 58.6 0.0 0.0
1968 62.5 63.3 1.3 0.8 63.3 1.3 0.8 63.1 1.0 0.6

1970 64.1 64.0 -0.2 -0.1 64,0 -0.2 -0.1~ 64.0 -0.2 -0,1
1971 57.7 57.7 0.0 0.0 57.7 0.0 0.01 57.7 0.0 0.0
1972 62.5 62.6 0.2 0.1 62.6 0.2 0.1 62.5 0.0 0.0
1973 63.5 63.7 0.3 0.2 63.7 0.3 0.2i 63.5 0.0 0.0
1974 61.3 61.4 0.2 0.1 61.4 0.2 0.11 61.4 0.2 0.1
1975 59.7 59.7 0.0 0.0 59.7 0.0 o.oi 59.8 0.2 0.1
1976 64.7 65.1 0.6 0.4 65.1 0.6 0.4 65.0 0.5 0.3

1978 61.5 61.6 0.2 0.1 61.6 0.2 0.1 61.6 0.2 0.1
1979 62.7 62.8 0.2 0.1 62.8 0.2 0.1 62.6 -0.2 -0.1
1980 61.3 61.4 0.2 0.1 61.4 0.2 0.1 61.4 0.2 0.1
1981 62.3 63.2 1.4 0.9 63.2 1.4 0.9 63.2 1.4 0.9
1982 64.1 64.2 0.2 0.1 64.2 0.2 0.1 64.2 0.2 0.1
1983 60.2 60.2 0.0 0.0 60.2 0.0 0.0 60.3 0.2 0.1
1984 63.1 62.9 -0.3 -0.2 62.9 -0.3 -0.2 62.9 -0.3 -0.2
1985 61.2 61.8 1.0 0.6 61.8 1.0 0.6 61.6 0.7 0.4
1986 61.8 61.8 0.0 0.0 61.8 0.0 0.0 61.8 0.0 0.0
1987 61.5 61.8 0.5 0.3 61.8 0.5 0.3 61.8 0.5 0.3
1988 60.1 60.7 1.0 0.6 60.7 1.0 0.6 60.8 1.2 0.7
1989 61.5 61.8 0.5 0.3 61.8 0.5 0.3 61,7 0.3 0.2
1990 60.5 60.2 -0.5 -0.3 60.2 -0.5 -0.3 60.3 -0.3 -0.2

Mean 61.8 62.0 0.2 0.1 62.0 0.2 0.1 61.9 0.2 0.1
Median 61.7 61.8 0.2 0.1 61.8 0.2 0.1 61.8 0.2 0.1
Max 68.0 67.6 3.0 2.0 67.6 3.0 2.0 68.0 3.7 2.4

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 61.8 62.0 0.3 0.2 62.0 0.3 0.2 61.9 0.2 0.1

X > 60 59.0 58.0 58.0 58.0
Mean X > 60 62.4 62.6 0.3 0.2 62.6 0.3 0.2 62.5 0.2 0.1

X > 65 3.0 5.0 5.0 4.0
Mean X > 65 66.4 66.1 -0.5 -0.3 66.1 -0.5 -0.3 66.4      0.0 0.0

X ¯ 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0
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August Sacramento River Temperature (F) at Butte City
2020 H drology
Existing Project - Screen Only/ Project with GF No Project / No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) IF) !%)    IF) IF) (%) IF)     (F) (%)
1922 64.8 64.1 -1.1 -0,7 64.1 -1.1 -0.7 64.0 -1.2 -0.8
1923 65.6 66.6 1.5 1.0 66.6 1.5 1.0 66.3 1.1 0.7
1924 71.9 71.1 -1.1 -0.8 71.i -1.1 -0.8 71.5 -0.6 -0.4
1925 65.3 65.7 0.6 0.4 65.7 0.6 0.4 65.8 0,8 0.5
1926 66.1 67.3 1.8 1.2 67.3 1.8 1.2 67.1 1.5 1.0
1927 65.6 64.1 -2.3 -1.5 64.1 -2.3 -1.5 64.4 -1.8 -1.2
1928 64.7 64.2 -0.8 -0.5 64.2 -0.8 -0.5 64.4 -0.5 -0.3
1929 66.9 67.9 1.5 1.0 67.9 1.5 1.0 68.0 1.6 1,1
1930 67.1 67.0 -0.1 -0.1 67.0 -0.1 -0,1 67.0 -0.1 -0.1
1931 73.8 71.8 -2.7 -2.0 71.8 -2.7 -2.0 72.1 -2.3 -1.7
1932 69.6 68.7 -1.3 -0,9 68.7 -1.3 -0.9 69.2 -0.6 -0.4
1933 70.0 69.1 -1.3 -0.9 69.1 -1.3 -0.9 69.1 -1.3 -0.9
1934 71.9 71.6 -0.4 -0.3 71.6 -0.4 -0.3 71.7 -0,3 -0,2
1935 66.5 68.4 2.9 1.9 68.4 2.9 1.9 68.0 2.3 1.5
1936 65.6 66.7 1.7 1,1 66.7 1.7 1.1 66.5 1.4 0.9
1937 66.1 66.7 0.9 0.6 66.7 0.9 0.6 66.9 1.2 0.8
1938 65.9 63.7 -3.3 -2.2 63.7 -3.3 -2.2 63.9 -3.0 -2.0
1939 67.7 68.1 0.6 0.4 68.1 0.6 0.4 68.3 0.9 0.6
1940 66.0 66.0 0,0 0.0 66.0 0.0 0.0 66.1 0.2 0.1
1941 64.7 63.0 -2.6 -1.7 63.0 -2.6 -1.7 63.0 -2.6 -1.7
1942 65.9 63.9 -3.0 -2.0 63.9 -3.0 -2.0 64.0 -2.9 -1.9
1943 65.1 63.3 -2.8 -1.8 63.3 -2.8 -1.8 63.5 -2.5 -1,6
1944 65.6 66.0 0.6 0.4 66.0 0.6 0.4 66.2 0.9 0.6
1945 65.6 66,4 1.2 0.8 66.4 1.2 0.8 66.4 1.2 0.8
1946 66.1 66,7 0.9 0.6 66.7 0.9 0.6 66.9 1.2 0.8
1947 65.5 65.9 0.6 0.4 65.9 0.6 0.4 66.1 0.9 0.6
1948 64.5 64.:3 -0.3 -0.2 64.3 -0.3 -0.2 64.1 -0.6 -0.4
1949 65.1 65.0 -0.2 -0.1 65.0 -0.2 -0.1 65.1 0.0 0.0
1950 67.3 68.2 1.3 0.9 68.2 1.3 0.9 68.7 2.1 1.4
1951 66.4 67.2 1.2 0.8 67.2 1.2 0.8 67.3 1.4 0.9
1952 66.7 64.4 -3.4 -2.3 64.4 -3.4 -2.3 64.6 -3.1 -2.1
1953 65.2 63.0 -3.4 -2.2 63.0 -3.4 -2.2 63.2 -3.1 -2.0
1954 63.7 64.2 0.8 0.5 64.2 0.8 0.5 64.3 0.9 0.6
1955 67.8 68.2 0.6 0.4 68.2 0.6 0.4 68.1 0.4 0.3
1956 65.6 63.6 -3.0 -2.0 63.6 -3.0 -2.0 63.6 -3.0 -2.0
1957 65.~ 63.7 -2.6 -1.7 63.7 -2.6 -1.7 63.8 -2.4 -1.6
1958 69.0 66.6 -3.5 -2.4 66.6 -3.5 -2,4 66.7 -3.3 -2.3
1959 67.6 66.1 . -2.2 -1.5 66.1 -2.2 -1,5 66.3 -1.9 -1.3
1960 67.1 67.6 0.7 0.5 67.6 0.7 0.5 67.9 1.2 0.8
1961 67.9 68.7 1.2 0.8 68.7 1.2 0.8 68.8 1.3 0.9
1962 66.1 66.2 0.2 0.1 66.2 0.2 0.1 66.3 0.3 0.2
1963 66.4 64.5 -2.9 -1.9 64.5 -2.9 -1.9 64.5 -2.9 -1.9
1964 66.6 66.8 0.3 0,2 66.8 0.3 0.2 67.0 0.6 0.4
1965 65.5 63.8 -2.6 -1.7 63.8 -2.6 -1.7 64.2 -2.0 -1.3
1966 68.2 66.9 -1.9 -1.3 66.9 -1.9 -1.3 67,1 -1.6 -1.1
1967 69.1 66.9 -3.2 -2.2 66.9 -3.2 -2.2 66.7 -3.5 -2.4
1968 66.8 66.7 -0.1 -0.1 66.7 -0.1 -0.1 66.7 -0.1 -0.1
1969 68,3 65,8 -3.7 -2.5 65.8 -3.7 -2.5 66.0 -3.4 -2.3
1970 67.4 67.1 -0.4 -0.3 67.1 -0.4 -0.3 67.2 -0.3 -0.2
1971 67,5 65.2 -3.4 -2.3 65.2 -3.4 -2.3 65.3 -3.3 -2.2
1972 68.3 68.0 -0.4 -0.3 68.0 -0.4 -0.3 68.1 -0.3 -0.2
1973 65.7 65.1 -0.9 -0.6 65.1 -0.9 -0.6 65.1 -0.9 -0.6
1974 67.2 65.0 -3.3 -2.2 65.0 -3.3 -2.2 65.1 -3.1 -2.1
1975 65.6 63.5 -3.2 -2.1 63,5 -3.2 -2.1 63.6 -3.0 -2.0
1976 65.1 64.8 -0.5 -0.3 64.8 -0.5 -0.3 65.0 -0.2 -0.1
1977 74.0 72.3 -2.3 -1.7 72.3 -2.3 -1.7 72.6 -1.9 -1.4
1978 67.5 65.8 -2.5 -1.7 65.8 -2.5 -1.7 65.7 -2,7 -1.8
1979 68.2 68.4 0.3 0.2 68.4 0.3 0.2 68.2 0.0 0.0
1980 65.6 63.9 -2.6 -1.7 63.9 -2.6 -1.7 64.2 -2.1 -1.4
1981 68.8 69.6 1.2 0.8 69.6 1.2 0.8 69.8 1.5 1.0
1982 66.2 64.2 -3.0 -2.0 64.2 -3.0 -2.0 64.1 -3.2 -2.1
1983 66.6 64.5 -3.2 -2.1 64.5 -3.2 -2.1 64.6 -3.0 -2.0
1984 66.5 64.3 -3.3 -2.2 64.3 -3.3 -2.2 64.7 -2.7 -1.8
1985 66.4 66.8 0.6 0.4 66.8 0.6 0.4 67.0 0.9 0.6
1986 67.0 66.8 -0.3 -0.2 66.8 -0.3 -0.2 66.7 -0.4 -0,3
1987 68.4 68.8 0.6 0.4 68.8 0.6 0.4 69.1 1.0 0.7
1988 69.0 67.5 -2.2 -1.5 67.5 -2.2 -1.5 67.8 -1.7 -1.2
1989 67.0 67.5 0,7 0.5 67.5 0.7 0.5 67.6 0,9 0.6
1990 66.8 66.0 -1.2 -0.8 66.0 -1.2 -0.8 66,2 -0.9 -0.6

Mean 67.0 66.3 -0.9 -0.6 66.3 -0.9 -0~6 66.5 -0.8 -0.5
Median 66.5 66.4 -0.5 -0.3 66.4 -0.5 -0.3 66.3 -0.5 -0.3
Max 74.0 72.3 2.9 1.9 72.3 2.9 1.9 72.6 2.3 1.5
Mln 63.7 63.0 -3.7 -2,5 63.0 -3.7 -2.5 63.0 -3.5 -2.4

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 67.0 66.3 -1.0 -0.7 66.3 -1.0 -0.7 66.5 -0.7 -0.5

X > 60 69.0 69.0 69.0 69.0
Mean X > 60 67.0 66.3 -1.0 -0.7 66.3 -1.0 -0.7 66.5 -0.7 -0.5

X > 65 64.0 46.0 46.0 48.0
Mean X > 65 67.2 67.5 0.4 0.3 67.5 0.4 0.3 67.5      0.4      0.3

X > 70 4.0 4.0 4.0 4.0
Mean X > 70 72.9 71.7 -1.6 -1.2 71.7 -1.6 -1.2 72.0 -1.2 -0,9
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September Sacramento River Temperature (F) at Butte City
2020 drolo~y
Existin9 Project - Screen Only Project with GF No Project / No Action

Relative ,~osolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Ternp Change Difference Temp Change Difference

Year (F) (F) (%)    (FI     (F) (%) (F)     (F) !%)    (F)
1922 63.6 67.0 5.3 3.4 67.0 5.3 3.4 66.9 5.2 3.3
1923 63.5 63.5 0.0 0.0 63.5 0.0 0.0 63.5 0.0 0.0
1924 67.0 66.9 -0.1 -0.1 66.9 -0.1 -0.1 66.9 -0.1 -0.1
1925 59.9 60.1 0.3 0.2 60.1 0.3 0.2 60.1 0.3 0.2
1926 61.6 61.9 0.5 0.3 61.9 0.5 0.3 61.9 0.5 0.3
1927 58.8 61.9 5.3 3.1 61.9 5.3 3.1 61.9 5.3 3.1
1928 63.0 62.3 -1.1 -0.7 62.3 -1.1 -0.7 62.3 -1.1 -0.7
1929 63.0 63.4 0.6 0.4 63.4 0.6 0.4 63.4 0.6 0.4
1930 60.1 60.2 0.2 0.1 60.2 0.2 0.1 60.1 0.0 0.0
1931 66.1 65.8 -0.5 -0.3 65.8 -0.5 -0.3 65.8 -0.5 -0.3
1932 70.7 70.0 -1.0 -0.7 70.0 -1.0 -0.7 70.0 -1.0 -0.7
1933 65.1 65.4 0.5 0.3 65.4 0.5 0.3 65.4 0.5 0.3
1934 68.5 68.6 0.1 0.1 68.6 0.1 0.1 68.6 0.1 0.1
1935 65.9 65.7 -0.3 -0.2 65.7 -0.3 -0.2; 65.7 -0.3 -0.2
1936 65.0 65.6 0.9 0.6 65.6 0.9 0.6 65.6 0.9 0.6
1937 62.4 62.5 0.2 0.1 62.5 0.2 0.1 62.5 0.2 0.1
1938 60.0 63.7 6.2 3.7 63.7 6.2 3.7 63.7 6.2 3.7
1939 63.8 64.0 0.3 0.2 64.0 0.3 0.2 64.0 0.3 0.2
1940 62.3 61.8 -0.8 -0.5 61.8 -0.8 -0.5 61.8 -0.8 -0.5
1941 58.0 61.3 5.7 3.3 61.3 5.7 3.3 61.3 5.7 3.3
1942 58.5 61.9 5.8 3.4 61.9 5.8 3.4 61.9 5.8 3.4
1943 60.6 65.2 7.6 4.6 65.2 7.6 4.6 65.2 7.6 4.6
1944 66.6 67.1 0.8 0.5 67.1 0.8 0.5 67.1 0.8 0.5
1945 66.2 65.2 -1.5 -1.0 65.2 -1.5 -1.0 65.2 -1.5 -1.0
1946 64.7 63.5 -1.9 -1.2 63.5 -1.9 -1.2! 63.5 -1.9 -1.2
1947 66.6 67.0 0.6 0.4 67.0 0.6 0.4 67.0 0.6 0.4
1948 61.4 64.4 4.9 3.0 64.4 4.9 3.0 64.4 4.9 3.0
1949 64.8 65.2 0.6 0.4 65.2 0.6 0.4 65.2 0.6 0.4
1950 63.7 64.1 0.6 0.4 64.1 0.6 0.4 64.1 0.6 0.4
1951 66.3 66.6 0.5 0.3 66.6 0.5 0.3 66.6 0.5 0.3
1952 59.8 64.2 7.4 4.4 64.2 7.4 4.4 64.2 7.4 4.4
1953 60.9 64.8 6.4 3.9 64.8 6.4 3.9 64~8 6.4 3.9
1954 61.8 63.3 2.4 1.5 63.3 2.4 1.5 63.3 2.4 1.5
1955 64.6 64.8 0.3 0.2 64.8 0.3 0.2 64.8 0.3 0.2
1956 58.6 62.4 6.5 3.8 62.4 6.5 3.8 62.4 6.5 3.8
1957 58.6 62.4 6.5 3.8 62.4 6.5 3.8 62.4 6.5 3.8
1958 61.3 64.9 5.9 3.6 64.9 5.9 3.6 64.9 5.9 3.6
1959 63.7 64.4 . 1.1 0.7 64.4 1.1 0.7 64.4 1.1 0.7
1960 65.8 65.9 0.2 0.1 65.9 0.2 0.1 65.9 0.2 0.1
1961 64.0 64.0 0.0 0.0 64.0 0.0 0.0 64.0 0.0 0.0
1962 64.3 64.4 0.2 0.1 64.4 0.2 0.1 64.4 0.2 0.1
1963 60.8 65.9 8.4 5.1 65.9 6.4 5.1 65.9 8.4 5.1
1964 63.3 63.3 0.0 0.0 63.3 0.0 0.0 63.3 0.0 0.0
1965 57.8 62.0 7.3 4.2 62.0 7.3 4.2 62.0 7.3 4.2
1966 64.4 64.3 -0.2 -0.1 64.3 -0.2 -0.1 64.3 -0.2 -0.1
1967 62.2 66.9 7.6 4.7 66.9 7.6 4.7 66.9 7.6 4.7
1968 65.6 64.1 -2.3 -1.5 64.1 -2.3 -1.5 64.1 -2.3 -1.5
1969 60.0 63.9 6.5 3.9 63.9 6.5 3.9 63.9 6.5 3.9
1970 65.1 65.3 0.3 0.2 65.3 0.3 0.2 65.3 0.3 0.2
1971 59.2 64.0 8.1 4.8 64.0 8.1 4.8 64.0 8.1 4.8
1972 62.4 61.4 -1.6 -1.0 61.4 -1.6 -1.0! 61.4 -1.6 -1.0
1973 59.6 63.3 6.2 3.7 63.3 6.2 3.7 63.3 6.2 3.7
1974 60.9 64.7 6.2 3.8 64.7 6.2 3.8 64.7 6.2 3.8
1975 62.4 65.9 5.6 3.5 65.9 5.6 3.5 65.9 5.6 3.5
1976 65.9 66.1 0.3 0.2 66.1 0.3 0.2 66.1 0.3 0.2
1977 67.6 67.2 -0.6 -0.4 67.2 -0.6 -0.4 67.2 -0.6 -0.4
1978 58.2 62.6 7.6 4.4 62.6 7.6 4.4 62.6 7.6 4.4
1979 66.5 65.1 -2.1 -1.4 65.1 -2.1 -1.4 65.1 -2.1 -1.4
1980 60.0 64.1 6.8 4.1 64.1 6.8 4.1 64.1 6.8 4.1
1981 65.4 65.4 0.0 0.0 65.4 0.0 0.0 65.4 0.0 0.0
1982 57.4 62.1 8.2 4.71 62.1 8.2 4.7 62.1 8.2 4.7
1983 60.3 63.3 5.0 3.0 63.3 5.0 3 0 63.3 5.0 3.0
1984 60.8 65.8 8.2 5.0 65.8 8.2 5.0 65.8 8.2 5.0
1985 . 60.4 60.7 0.5 0.3 60.7 0.5 0.3 60.7 . 0.5 0.3
1986 60.0 60.1 0.2 0.1 60.1 0.2 0.1 60.1 0.2 0.1
1987 64.1 64.4 0.5 0.3! 64.4 0.5 0.3 64.4 0.5 0.3
1988 66.6 66.5 -0.2 -0.1 66.5 -0.2 -0.1 66.5 -0.2 -0.1
1989 61.6 61.6 0.0 0.0 61.6 0.0 0.0 61.6 0.0 0.0
1990 66.6 65.5 -1.7 -1.1 65.5 -1.7 -1.1 65.5 -1.7 -1.1

Mean 62.8 64.2 2.3 1.4 64.2 2.3 1.4 64.2 2.3 1.4
Median 63.0 64.3 0.5 0.3 64.3 0.5 0.3 64.3 0.5 0.3
Max 70.7 70.0 8.4 5.1 70.0 8.4 5.1 70.0 9.4 5.1
Min 57.4 60.1 -2.3 -1.5 60.1 -2.3 -1.5 60.1 -2.3 -1.5

X > 56 69.0 69.0 69.0 69.0
Mean X > 56 62.8 64.2 2.2 1.4 64.2 2.2 1.4 64.2 2.2 1.4

X > 60 53.0 69.0 69.0 69.0
Mean X > 60 64.0 64.2 0.3 0.2 64.2 0.3 0.2 64.2 0.3 0.2

X > 65 19.0 26.0 26.0 26.0
Mean X > 65 66.5 66.3 -0.3 -0.2 66.3 -0.3 -0.2 66.3     -0.3 -0.2

X > 70 1.0 0.0 0.0 0.0
Mean X > 70 70.7 0.0 -100.0 -70.7 0.0 -100.0 -70.7 0.0 -100.0 -70.7
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October Sacramento River Temperature (F) at Buffe City
2020 H
Existing Project - Screen Only/ Project with GF No Project I No Action

Relative Absolute          Relative Absolute          Relative Absolute
Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) (F) (%)    (F) (F) (%) (F!    (F) (%)    (F)
1922 54.0 54.3 0.6 0.3 54.3 0.6 0.3 54.3 0.6 0.3
1923 56.7 55.2 -2.6 -1.5 55.2 -2.6 -1.5 55.2 -2.6 -1.5
1924 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1925 56.4 57.4 1.8 1.0 57.4 1.8 1.0 57.4 1.8 1.0
1926 59.2 59.6 0.7 0.4 59.6 0.7 0.4 59.6 0.7 0.4
1927 56,8 57.3 0.9 0.5 57.3 0.9 0.5 57.3 0.9 0,5
1928 57.2 57.8 1.0 0.6 57.8 1.0 0.6 57.8 1.0 0.6
1929 59.4 60.3 1.5 0.9 60.3 1.5 0.9 60.3 1.5 0.9
1930 58.6 58.2 -0.7 -0.4 58.2 -0.7 -0.4 58.2 -0.7 -0.4
1931 60.1 59.9 -0.3 -0.2 59.9 -0.3 -0.2 59.9 -0.3 -0.2
1932 61.4 61.4 0.0 0.0 61.4 0.0 0.0 61.4 0.0 0.0
1933 63.7 64.3 0.9 0.6 64.3 0.9 0.6 64.3 0.9 0.6
1934 60.6 60.7 0.2 0.1 60.7 0.2 0.1 60.7 0.2 0.1
1935 58.6 59.0 0.7 0.4 59.0 0.7 0,4 59.0 0.7 0.4
1936 60.1 60.7 1.0 0.6 60.7 1.0 0.6 60.7 1.0 0.6
1937 57.6 57.3 -0.5 -0.3 57.3 -0.5 -0.3 57.3 -0.5 -0.3
1938 55.6 56.9 2.3 1.3 56.9 2.3 1.3 56.9 2.3 1.3
1939 58,7 58.8 0.2 0.1 58,8 0.2 0.1 58.8 0,2 0.1
1940 57.5 57.6 0.2 0.1 57.6 0.2 0.1 57.6 0,2 0.1
1941 54.3 56.0 3.1 1.7 56.0 3.1 1.7 56.0 3.1 1.7
1942 55.5 57.5 3.6 2.0 57.5 3.6 2.0 57.5 3.6 2.0
1943 55.8 56.2 0.7 0.4 56.2 0.7 0.4 56.2 0.7 0.4
1944 59.3 59.7 0.7 0.4 59.7 0.7 0,4 59.7 0.7 0.4
1945 58.7 59.2 0.9 0.5 59.2 0.9 0.5 59.2 0.9 0.5
1946 55,4 54.1 -2.3 -1.3 54,1 -2,3 -1.3 54,1 -2.3 -1.3
1947 58.0 57.9 -0.2 -0.1 57.9 -0.2 -0.1 57.9 -0.2 -0.1
1948 57.0 57.0 0.0 0.0 57.0 0.0 0.0 57.0 0.0 0.0
1949 55.9 56.3 0.7 0.4 56.3 0.7 0.4 56.3 0.7 0.4
1950 55.2 54.1 -2.0 -1.1 54.1 -2.0 -1.1 54.1 -2.0 -1.1
1951 55.2 55.6 0.7 0.4 55.6 0.7 0.4 55.6 0.7 0.4
1952 56.6 58,0 2.5 1.4 58.0 2.5 1.4 58.0 2.5 1.4
1953 54.8 56.7 3.5 1.9 56.7 3.5 1.9 58.7 3.5 1.9
1954 56.4 56.5 0.2 0.1 56.5 0.2 0.1 56.5 0.2 0.1
1955 58.3 59,5 2.1 1.2 59.5 2.1 1.2 59.5 2.1 1,2
1956 54.4 55,3 1o7 0.9 55.3 1.7 0.9 55.3 1.7 0.9
1957 55.2 55,7 0.9 0.5 55.7 0.9 0.5 55.7 0.9 0.5
1958 57,1 59,6 4.4 2.5 59.6 4.4 2.5 59.6 4.4 2.5
1959 60.0 60.5 0.8 0.5 60.5 0.8 0.5 60.5 0.8 0,5
1960 57.6 58,4’ 1.4 0.8 58,4 1.4 0.8 58.4 1.4 0.8
1961 58.6 59.0 0.7 0,4 59.0 0.7 0.4 59.0 0.7 0.4
1962 57.3 58.7 2.4 1.4 58.7 2.4 1,4 58.7 2.4 1.4
1963 56.4 56.4 0.0 0.0 56.4 0.0 0.0 56.4 0.0 0.0
1964 60.3 60.5 0.3 0.2 60.5 0.3 0.2 60.5 0.3 0.2
1965 58.0 57.8 -0.3 -0.2 57.8 -0.3 -0.2 57.8 -0.3 -0.2
1966 57.5 58.1 1.0 0.6 58.1 1.0 0.6 58.1 1.0 0.6
1967 57.6 59.0 2.4 1.4 59.0 2.4 1.4 59.0 2.4 1.4
1968 57.2 57.1 -0.2 -0.1 57.1 -0.2 -0.1 57.1 -0.2 -0.1
1969 52.3 53.9 3.1 1.6 53,9 3.1 1.6 53.9 3.1 1,6
1970 55.5 55.3 -0.4 -0.2 55.3 -0.4 -0.2 55.3 -0.4 -0.2
1971 54.6 55.9 2.4 1.3 55.9 2.4 1.3 55.9 2.4 1.3
1972 54.5 55.9 2.6 1.4 55.9 2,6 1.4 55.9 2.6 1.4
1973 53.8 54.6 1.5 0.8 54.6 1.5 0.8 54.6 1.5 0.8
1974 54.7 56.9 4.0 2.2 56.9 4,0 2.2 56.9 4.0 2.2
1975 55.3 56.4 2.0 1.1 56.4 2,0 1.1 56.4 2.0 1.1
1976 60.4 61.0 1.0 0.6 61.0 1,0 0.6 61.0 1.0 0.6
1977 61.1 61.1 0.0 0.0 61.1 0,0 0.0 61.1 0.0 0.0
1978 59.7 59.7 0.0 0.0 59.7 0,0 0.0 59.7 0~0 0.0
1979 56.4 58.0 2.6 1.6 58.0 2.8 1.6 58.0 2.8 1.6
1980 56.8 56.7 -0.2 -0.1 56.7 -0.2 -0.1 56.7 -0.2 -0.1
1981 57.0 56.9 -0.2 -0,1 56.9 -0.2 -0.1 56.9 -0.2 -0.1
1982 53.6 54.5 1.7 0.9 54.5 1.7 0.9 54.5 1.7 0.9
1983 55.7 57.4 3.1 1.7 57.4 3.1 1.7 57.4 3.1 1.7
1984 53.9 53.8 -0.2 -0.1 53.8 -0.2 -0.1 53.8 -0.2 -0.1
1985 57.0 57.9 1.6 0.9 57.9 1.6 0.9 57.9 1.6 0.9
1986 58.1 58.4 0.5 0.3 58.4 0.5 0.3 58.4 0.5 0.3
1987 60.6 60.7 0.2 0.1 60.7 0.2 0.1 60.7 0.2 0,1
1988 62.2 62.2 0.0 0.0 62.2 0.0 0.0 62.2 0.0 0,0
1989 58.1 57.6 -0.9 -0.5 57.6 -0.9 -0.5 57.6 -0.9 -0,5
1990 61.1 61.0 -0.2 -0,1 61.0 -0.2 -0.1 61.0 -0.2 -0,1

Mean 57.3 57.8 0.9 0.5 57.8 0.9 0.5 57.8 0.9 0,5
Median 57,1 57,6 0.7 0.4 57.6 0.7 0.4 57.6 0.7 0.4
Max 63.7 64.3 4.4 2.5 64.3 4.4 2.5 64.3 4.4 2.5
Min 52.3 53.8 -2.6 -1.5 53.8 -2.6 -1.5 53.8 -2.6 -1.5

X > 56 47.0 54.0 54.0 54.0
Mean X > 56 58.5 58.6 0.2 0.1 58.6 0.2 0.1 58.6 0.2 0.1

X> 60 11.0 12.0 12.0 12.0
Mean X > 60 61." 61.2 0.2 0.1 61.2 0.2 0.1 61.2 0.2 0.1

X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA

X ¯ 70 0.0 0.0 0.0 0.0
Mean X > 70 0.0 0.0 NA 0.0, 0.0 NA 0.0 0.0
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December Sacramento River Temperature (F) at Butte City !
2020 H’ Jrology

’ Ex,istin~l Project - Screen Only/ Project with GF No Project / No Action I
Relative Absolute          Relative Absolute          Relative Absolute 1Temp Temp Change Difference Temp Change Difference Temp Change Difference

Year (F) , (F) (%)    (F!     (F) (%7 ~FI     (F) !%~    (F)
1922 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1923 45.9 46.1 0.4 0.2 46.1 0,4 0.2 46.1 0.4 0,2
1924 42.2 42.1 -0.2 -0.1 42.1 -0.2 -0.1 42.1 -0.2 -0,1 11925 46.4 46.7 0.6 0.3 46.7 0.6 0.3 46.7 0.6 0.3
1926 47.1 46.8 -0.6 -0.3 46.8 -0.6 -0.3 46.8 -0,6 ~0.3
1927 45.9 45.8 -0.2 -0.1 45.8 -0.2 -0.1 45.8 -0,2 -0.1
1928 44.4 44.2 -0.5 -0.2 44.2 -0.5 -0.2 44.2 -0,5 -0.2
1929 47,4 47.4 0,0 0.0 47,4 0.0 0,0 47.4 0.0 0,0
1930 46.0 46.0 0.0 0.0 46.0 0.0 0.0 46.0 0.0 0.0
1931 44.3 44.4 0.2 0.1 44.4 0.2 0.1 44.4 0.2 0.1
1932 42.5 42.5 0.0 0.0 42.5 0.0 0.0 42.5 0.0 0.0
1933 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1934 46.1 46.1 0,0 0,0 46,1 0.0 0,0 46.1 0.0 0.0 I1935 46.7 46.8 0.2 0.1 46.8 0.2 0.1 46.8 0.2 0.1
1936 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0
1937 47.8 47.7 -0.2 -0.1 47.7 -0.2 -0.1 47.7 -0.2 -0.1
1938 48.4 48.2 -0.4 -0.2 48.2 -0.4 -0.2 48.2 -0.4 -0.2 1
1939 48.4 48.1 -0.6 -0.3 48.1 -0.6 -0.3 48.1 -0.6 -0.3
19,40 47.8 47.7 -0.2 -0.1 47.7 -0.2 -0.1 47.7 -0.2 -0.1
1941 47.1 47.2 0.2 0.1 47.2 0.2 0.1 47.2 0.2 0.1
1942 45.8 45.4 -0.9 -0.4 45.4 -0.9 -0.4 45.4 -0.9 -0.4
1943 47.0 46.9 -0.2 -0.1 46.9 -0.2 -0.1 46.9 -0.2 -0.1 I
1944 46.4 46.7 0.6 0.3 46,7 0.6 0.3 46,7 0.6 0.3
1945 46.3 46.3 0.0 0.0 46.3 0.0 0.0 46.3 0.0 0.0
1946 45,7 45,5 -0.4 -0.2 45.5 -0.4 -0.2 45.5 -0.4 -0.2
1947 44.6 44.6 0.0 0.0 44.6 0,0 0.0 44,6 0.0 0.0
1946 43.4 43.5 0,2 0.1 43.5 0.2 0.1 43.5 0.2 0.1
1949 44.0 44,1 0.2 0.1 44.1 0.2 0.1 44.1 0.2 0.1
1950 47.2 47,3 0.2 0.1 47.3 0.2 0,1 47.3 0.2 0.1
1951 45.9 46,0 0.2 0.1 46.0 0.2 0.1 46.0 0.2 0,1
1952 46.1 45.9 -0.4 -0.2 45.9 -0,4 -0.2 45,9 -0.4 -0.2
1953 47.9 47.6 -0.6 -0.3 47.6 -0.6 -0.3 47~6 -0.6 -0.3 II
1954 45.3 45.0 -0.7 -0.3 45.0 -0.7 -0.3 45.0 -0.7 -0.3
1955 47.0 47.1 0.2 0.1 47.1 0.2 0.1 47.1 0.2 0.1
1956 47.1 47.2 0.2 0.1 47.2 0,2 0.1 47.2 0.2 0.1
1957 46.4 46.3 -0.2 -0.1 46.3 -0,2 -0.1 46.3 -0.2 -0.1
1958 50.7 50.7 0.0 0,0 50.7 0.0 0.0 50.7 0.0 0.0
1959 48.4 48.2 . -0.4 -0,2 48.2 -0,4 -0.2 48.2 -0.4 -0.2
1960 46.5 46.3 -0.4 -0,2 46.3 -0,4 -0.2 46.3 -0.4 -0.2
1961 45.7 45.6 -0.2 -0,1 45.6 -0.2 -0.1 45.6 -0.2 -0.1
1962 48.5 47.9 -1.2 -0.6 47.9 -1.2 -0.6 47.9 -1.2 -0.6
1963 44.6 44.6 0.0 0.0 44.6 0.0 0.0 44.6 0.0 0.0
1964 47.0 47.1 0.2 0.1 47.1 0.2 0,1 47.1 0.2 0,I Ill1965 44.3 43.9 -0,9 -0.4 43.9 -0.9 -0.4 43.9 -0.9 -0,4
1966 47.3 47.1 -0.4 -0.2 47.1 -0.4 -0.2 47.1 -0.4 -0,2
1967 47.0 46.8 -0.4 -0.2 46.8 -0.4 -0.2 46.8 -0.4 -0.2
1968 45.0 44.7 -0.7 -0.3 44.7 -0.7 -0.3 44,7 -0.7 -0,3
1969 48.5 48.5 0.0 0.0 48.5 0.0 0.0 48,5 0.0 0.0
1970 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0
1971 44.4! 44.1 -0.7 -0.3 44.1 -0.7 -0.3 44,1 -0.7 -0.3
1972 43.7 43,5 -0.5 -0.2 43.5 -0.5 -0.2 43.5 -0.5 -0.2
1973 46.5 46.5 0.0 0.0 46.5 0.0 0.0 46.5 0.0 0.0 !1974 45,8’ 45.5 -0.7 -0.3 45.5 -0.7 -0.3 45.5 -0.7 -0.3
1975 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1976 48.8 48.6 -0.4 -0.2 48.6 -0.4 -0.2 48.6 -0.4 -0.2
1977 46.8, 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1978 44.4 44.4 0.0 0.0 44.4 0.0 0.0 44.4 0.0 0.0 I1979 45.9 45.9 0.0 0.0 45.9 0.0 0.0 45.9 0.0 0.0
1980 47.2 47.0 -0.4 -0.2 47.0 -0.4 -0.2 47°0 -0.4 -0.2
1981 46.8 46.8 0.0 0.0 46.8 0.0 0.0 46.8 0.0 0.0
1982 45.6 45.6 0.0 0.0 45.6 0.0 0.0 45.6 0.0 0.0

I1983 46.4 46.4 0.0 0.0 46.4 0.0 0.0 46.4 0.0 0.0
1984 45.0 44.9 -0.2 -0.1 44.9 -0.2 -0.1 44.9 -0.2 -0.1
1985 44,0 44.0 0,0 0.0 44.0 0,0 0.0 44.0 0.0 0.0
1986 45.4 45.3 -0.2 -0.1 45.3 -0.2 -0.1 45.3 -0.2 -0.1
1987 45.2 45.2 0.0 0.0 45.2 0.0 0.0 45.2 0,0 0.0

I1988 44.9 44.9 0.0 0.0 44.9 0.0 0.0 44.9 0.0 0.0
1989 45.4 45.4 0.0 0.0 45.4 0.0 0.0 45.4 0.0 0.0
1990 40.9 40.6 -0.7 -0.3 40,6 -0.7 -0,3 40.6 -0.7 -0.3

Mean 46.0 46.0 -0.2 -0.1 46.0 -0.2 -0.1 46.0 -0.2 -0.1
Median 46.1 46.1 0.0 0.0 46.1 0.0 0.0 46.1 0.0 0.0 ill

IMax 50.7 50.7 0,6 0.3 50.7 0.6 0.3 50.7 0.6 0.3
Min 40.9 40.6 -1,2 -0.6 40.6 -1.2 -0.6 40.6 -1.2 -0.6

X > 56 0,0 0.0 0.0 0.0
Mean X > 56 0,0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0

X > 60 0.0 0.0 0.0 0.0
Mean X > 60 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0 NA 0.0 !X > 65 0.0 0.0 0.0 0.0
Mean X > 65 0.0 0.0 NA 0.0 0.0 NA 0.0 0.0      NA 0,0

X > 70 0.0 0.0 0.0 0.0
Mean X > 7.0 0.0 0.0 NA 0.0 0,0 NA 0.0 0.0 NA 0.0
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HYDROLOGY AND WATER RESOURCES
APPENDIX B TECHNICAL REPORT

B.7 GCID DELIVERY DATA (1995 and 2020 HYDROLOGY)

B.7.1 Description and Index

This section contains the results of the GCID water supply source determination analysis. The
data is organized by source, then by hydrology (1995 or 2020). The project alternatives are
identified in the tables and graphs as follows:

¯ Screen Extension Alternative = Project - Screen Only
¯ Screen Extension with Gradient Facility Altemative (with or without Intemal Fish

Bypass) = Project with GF

The following tables and graphs are contained in this section in the order listed:

Hamilton City Pumping Plant
Total HCPP Diversion

Existing Conditions
1995 Hydrology

¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology
¯ Project- Screen Only
¯ Project with GF
¯ No-Project

HCPP Diversion for GCID
¯ Existing Conditions

1995 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project
¯ ConditionsExisting

HCPP Diversion for Refuges
1995 Hydrology

¯ Project- Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology

I
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HYDROLOGY AND WATER RESOURCES
TECHNICAL REPORT APPENDIX

¯ Project - Screen Only
* Project with GF
¯ No-Project

Graphs - 1995 Hydrology
¯ Analysis of Average Weekly HCPP Diversion for GCID
¯ Analysis of Annual Total HCPP Diversion
¯ Analysis of Annual HCPP Diversion for GCID
¯ Analysis of Annual HCPP Diversion for Refuges

Graphs - 2020 Hydrology
¯ Analysis of Average Weekly HCPP Diversion for GCID
¯ Analysis of Annual Total HCPP Diversion
¯ Analysis of Annual HCPP Diversion for GCID
¯ Analysis of Annual HCPP Diversion for Refuges

Stony Creek
¯ Existing Conditions

1995 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrnlogy
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

Graphs - 1995 Hydrology
¯ Analysis of Average Weekly Stony Creek Diversion for GCID
¯ Analysis of Annual Stony Creek Diversions for GCID

Graphs - 2020 Hydrology
¯ Analysis of Average Weekly Stony Creek Diversion for GCID
¯ Analysis of Annual Stony Creek Diversions for GCID

Recapture
¯ Existing Conditions

1995 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

Graphs - 1995 Hydrology
¯ Analysis of Average Weekly GCID Drain Recapture

!
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HYDROLOGY AND WATER RESOURCES
APPENDIX B TECHNICAL REPORT

¯ Analysis of Annual GCID Drain Recapture
Graphs - 2020 Hydrology,

¯ Analysis of Average Weekly GCID Drain Recapture
¯ Analysis of Annual GCID Drain Recapture

Tehama-Colusa Canal
TCC Diversion for GCID

¯ Existing Conditions
1995 Hydrology

¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

T�C Diversion for Refuges
¯ Existing Conditions

1995 Hydrology
¯ Project - Screen Only
* Project with GF
¯ No-Project

2020 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

Graphs - 1995 Hydrology
¯ Analysis of Average Weekly TCC Diversion for GCID
¯ Analysis of Annual TCC Diversion for GCID
¯ Analysis of Annual TCC Diversion for Refuges

Graphs - 2020 Hydrology
¯ Analysis of Average Weekly TCC Diversion for GCID
¯ -Analysis of Annual TCC Diversion for GCID
¯ Analysis of Annual TCC Diversion for Refuges

Groundwater Pumping
¯ Existing Conditions

1995 Hydrology
¯ Project - Screen Only
¯ Project with GF
¯ No-Project

2020 Hydrology
¯ Project - Screen Only

°1
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!
¯ Project with GF
¯ No-Project

Graphs - 1995 Hydrology
¯ Analysis of Average Weekly Groundwater Pumping for GCID
¯ Analysis of Total Annual Groundwater Pumping for GCID

Graphs - 2020 Hydrology
Analysis of Average Weekly Groundwater Pumping for GCID

~¯ Analysis of Total Annual Groundwater Pumping for GCID

!
!
!
!

!
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Total HCPP Diversion
Existing Conditions
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 26 25 16 8 6 4 113 129 143 134 80 46 730
1923 28 25 16 8 6 19 97 141 148 144 79 17 728
1924 35 26 16 8 6 14 88 95 101 88 68 32 577
1925 20 19 13 6 5 3 92 104 120 136 79 26 623
1926 42 26 17 8 7 10 63 114 118 144 77 51 677
1927 32 26 17 8 6 4 113 132 119 132 79 47 715
1928 26 25 16 8 6 3 96 120 121 137 84 48 690
1929 38 25 16 8 6 7 98 117 113 129 79 46 682
1930 40 27 16 8 7 3 83 114 119 137 75 32 661
1931 38 26 16 8 6 21 95 79 94 90 69 32 574
1932 29 19 13 6 5 5 88 83 102 94 71 33 548
1933 28 20 13 6 5 13 95 85 100 86 73 31 555
1934 27 20 12 6 6 4 88 91 102 92 71 32 551
1935 27 19 13 6 5 3 33 119 119 124 "80 47 595
1936 35 2~ 17 8 6 3 91 121 118 123 80 44 672
1937 39 28 16 8 6 3 93 120 120 124 80 48 685
1938 31 25 16 8 6 3 84 111 127 125 79 26 641
1939 33 26 16 8 17 41 103 117 116 124 75 23 699
1940 35 27 16 8 6 3 97 115 120 124 80 48 679
1941 30 26 16 8 6 4 10 114 128 124 80 53 599
1942 31 27 17 8 7 3 20 126 129 123 80 48 ’619
1943 40 26 17 8 7 3 95 126 120 123 79 48 692
1944 37 26 16 8 6 6 93 118 118 124 79 48 679
1945 34 25 16 8 6 3 92 122 119 125 80 50 680
1946 26 26 16 8 6 7 97 122 120 125 79 42 674
1947 38 25 16 8 6 3 93 123 117 129 78 48 684
1948 27 25 16 8 10 12 42 91 133 123 80 43 610
1949 36 29 18 9 7 3 92 120 118 122 78 46 678
1950 39 25 16 8 6 5 100 125 119 124 80 35 682
1951 27 25 16 8 6 7 97 111 119 125 60 47 . 668
1952 26 25 16 8 6 3 99 137 131 128 81 47 707
1953 40 25 16 8 6 12 102 132 134 124 81 48 728
1954 37 25 16 8 6, 3 81 129 122 139 82 4~ 697
1955 39 26 16 8 6 14 95 120 116 130 77 3G 677
1956 36 25 16 8 6 9 101 119 131 127 80 31 689
1957 33 27 16 8 6 12 107 124 119 127 79 17 675
1958 26 26 16 8 6 3 52 107 137 129 82 49 641
1959 40 28 17 8 7 8 99 121 120 133 76 17 674
1960 40 27 16 8 6 3 95 119 121 135 80 46 696
1961 39 25 16 8 6 3 98 126 128 139 80 34 702
1962 39 25 16 8 6 3 94 121 121 128 80 43 684
1963 26 25 16 8 6 3 8 121 121 124 81 50; 589
1964 32 26 17 8 7 17 102 120 119 129 78 30 685
1965 29 25 16 8 6 13 73 126 120 124 81 47 668
1966 39 25 16 8 6 8 103 124 121 128 79 43 700
1967 39 25 16 8 6 4 26 132 129 125 80 51 641
1968 42 27 17 8 7 3 94 119 119 137 77 48 698
1969 34 25 16 8 6 3 104 139 131 127 62 46 721
1970 32 26 16 8 6 3 99 121 121 133 78 47 690
1971 34 25 16 8 6 11 103 169 128 126 81 46 693’
1972 37 25 16 8 6 39 104 122 120 131 76 21 705
1973 26 25 16 8 6 3 98 126 118 129 82 43 660
1974 28 25 16 8 6 3 93 131 129 125 82 49 695
1975 32 26 16 8 6 3 95 138 130 129 83 47 713
1976 26 26 16 8 17 48 100 120 122 125 79 30 717
1977 37 26 16 8 12 26 101 71 105 90 66 13 571
1978 29 19 12 6 5 3 76 131 120 ~26 80 19 626
1979 41 26 17 8 6 3 95 129 121 131 78 39 694
1980 29 25 16 8 6 3 92 124 119 125 82 47 676
1981 39 27 ~ 16 8 6 3 89 124 120 137 79 37 685
1982 27 26 16 8 6 3 32 109 133 130 82 18 590
1983 28 27 17 8 7 3 51 106 136 132 84 27 626
1984 38 27 17 8 7 9 105 130 122 127 83 44 717
1985 31 25 16 8 6 3 92 124 127 130 77 17 656
1986 38 25 16 8 6 3 91 126 123 127 80 21 664
1987 40 27 16 8 6 3 102 132 139 134 77 46 730
1986 34 25 16 8 6 16 94 119 137 133 79 47 714
1989 39 25 16 8 10 3 97 122 120 136 76 17 669
1990 30 25 16 8 6 14 102 90 123 136 80 40 670
1991 39 26 16 8 8 3 71 100 109 109 72 36 597

Avg. 33 25 16 8 7 8 87 118 122 126 79 38 666
Prct. 5 4 2 1 1 1 13 18 18 19 12 6 100
Max 42 29 18 9 17 48 113 141 148 144 84 53 730
Min 20 19 12 6 5 3 8 71 94 86 66 13 548
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Total HCPP Diversion
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 26 25 16 8 6 4 132 129 145 134 125 46’ 796
1923 28 25 16 8 6 19 105 141 153 144 133 171 795
1924 35 26 16 8 6 14 77 86 101 88 66 32 555
1925 20 19 13 6 5 3 92 104 156 155 143 261 742
1926 42 26 17 8 7 10 63 134 164 153 139 51! 814
1927 32 26 17 8 6 4 120 134 137 140 130 47 801
1928 26 25 16 8 6 3 96 137 149 140 130 48! 784
1929 38 25 16 8 6 7 131 139 124 134 125 46 799
1930 40 27 16 8 7 3 90 132 162 149 137 321 803
1931 38 26 16 8 6 21 103 79 94 90 84 32 597
1932 29 19 13 6 5 5 98 83 102 94 87 331 574
1933 28 20 13 6 5 13 107 85 100 86 80 31; 574
1934 27 20 12 6 6 4 96 91 102 92 86 32 574
1935 27 19 13 6 5 3 33 136 164 153 142 47 746
1936 35 26 17 8 6 3 104 129 139 148 137 44 796
1937 39 28 16 8 6 3 101 140 144 142 132 4~ 807
1938 31 25 16 8 6 3 84 111 155 144 134 26, 743
1939 33 26 16 8 17 41 144 118 140 126 117 23 809
1940 35 27 16 8 6 3 97 115 162 150 140 48 807
1941 30 26 16 8 6 4 10 114 168 165 163 53~ 753
1942 31 27 17 8 7 3 20 126 164 154 144 48 749
1943 40 26 17 8 7 3 95 135 153 141 132 48 805
1944 37 26 16 8 6 6 114 118 152 142 133 48 806
1945 34 26 16 8 6 3 111 122 146 149 138 50 808
1946 26 26 16 8 6 7 134 129 145 130 123 42 792
1947 38 25 16 8 6 3 122 130 142 141 131 48 810
1948 27 25 16 8 10 12 42 91 163 181 162 43 780
1949 36 29 18 9 7 3 107 122 155 142 132 46 806
1950 39 25 16 8 6 5 128 138" 148 138 128 35 814
1951 27 25 16 8 6 7 132 111 152 140 130 47 801
1952 26 25 16 8 6 3 99 137 136 136 128 47 767
1953 40 25 16 8 6 12 105 132 148 143 120 48 803
1954 37 25 16 8 6 3 81 136 157 148 125 49 791
1955 39 26 16 8 6 14 113 136 152 138 129 30 807
1956 36 25 16 8 6 9 120 119 145 141 131 31 787
1957 33 27 16 8 6 12 123 124 157 145 135 17 803
1958 26 26 16 8 6 3 52 107 161 154 146 49 754
1959 40 28 17 8 7 8 139 139 147 134 121 17 805
1960 40 27 16 8 6 3 116 122 150 138 129 46 801
1961 39 25 16 8 6 3 113 135 146 143 131 34 799
1962 39 25 16 8 6 3 123 135 148 139 130 43 815
1963 26 25 16 8 6 3 8 130 171 162 151 50 756
1964 32 26 17 8 7 17 144 134 138 131 123 30 807
1965 29 25 16 8 6 13 73 136 149 140 110 47 754
1966 39 25 16 8 6 8 136 132 139 128 119 43 799
1967 39 25 16 8 6 4 26 134 130 158 147 51 744
1968 42 27 17 8 7 3 119 135 143 144 119 48 812
1969 34 25 16 8 6 3 104 139 139 133 126 46 779
1970 32 26 16 8 6 3 125 138 139 136 127 47 803
1971 34 25 16 8 6 11 143 109 142 132 122 46 794
1972 37 25 16 8 6 39 137 130 141 132 123 21 815
1973 26 25 16 8 6 3 110 136 149 139 129 43 790
1974 28 25 16 ,8 6 3 93 140 155 125 136 49 784
1975 32 26 16 8 6 3 96 138 150 135 127 47 754
1976 26 26 16 8 17 48 125 131 137 125 108 30 797
1977 37 26 16 8 12 26 116 71 105 90 77 13 597
1978 29 19 12 6 5 3 76 140 162 152 142 19 765
1979 41 26 17 8 6 3 105 138 157 143 133 39 816
1980 29 25 16 8 6 3 104 128 147 141 133 47 787
1981 39 27 16 8 6 3 95 133 161 149 139 37 813
1982 27 26 16 8 6 3 32 119 151 167 153 18 726
1983 28 27 47 8 7 3 51 106 143 167 149 27 733
1984 38 27 17 8 7 9 138 136 144 132 114 44 814
1985 31 25 16 8 6 3 115 143 157 143 132 17 796
1986 38 25 16 8 6 3 98 139 162 147 137 21 800
1987 40 27 16 8 6 3 120 137 149 134 125 46 811
1988 34 25 16 8 6 16 116 119 144 137 128 47 796
1989 39 25 16 8 10 3 118 148 152 145 134 17 815
1990 30 25 16 8 6 14 144 90 153 139 122 40 787
1991 39 26 16 8 8 3 71 100 109 109 92 36 617

Avg. 33 25 16 8 7 ~ 100 124 145 138 127 38 770
Prct. 4 3 2 1 1 1 13 16 19 18 16 5 100
Max 42 29 18 9 17 48 144 148 171 181, 162 53 516
Min 20 19 12 6 5 3 8 71 94 86 66 13 555
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Total HCPP Diversion
Project with GF
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 26 25 16 8 6 4 132 129 145 134 125 46 796
1923 28 25 16 8 6 19 105 141 153 144 133 17 795
1924 35 26 16 8 6 14 102 95 t01 88 75 32 598
1925 20 19 13 6 5 3 92 104 156 155 143 26 742
1926 42 26 17 8 7 10 63 134 164 153 139 51 814
1927 32 26 17 8 6 4 120 134 137 140 130 47 801
1928 26 25 16 8 6 3 96 137 149 140 130 48 784
1929 38 25 16 8 6 7 131 139 124 134 125 46 799
1930 40 27 16 8 7 3 90 132 162 149 139 32 805
1931 38 26 16 8 6 21 103 79 94 90 84 32 597
1932 29 19 13 6 5 5 98 83 102 94 87 33 574
1933 28 20 13 6 5 13 107 85 100 86 80 31 574
1934 27 20 12 6 6 4 96 91 102 92 86 32 574
1935 27 19 13 6 5 3 33 136 164 153 142 47 748
1936 35 26 17 8 6 3 104 129 139 148 137 44 796
1937 39 28 16 8 6 3 101 140 144 142 132 48 807
1938 31 25 16 8 6 3 84 111 155 144 134 26 743
1939 33 26 16 8 17 41 147 118 140 126 117 23 812
1940 35 27 16 8 6 3 97 115 162 150 140 48 807
1941 30 26 16 8 6 4 10 114 168 165 153 53 753
1942 31 27 17 8 7 3 20 126 164 154 144 48 749
1943 40 26 17 8 7 3 95 135 153 141 132 48 805
1944 37 26 16 8 6 6 114 118 152 142 133 48 806
1945 34 25 16 8 6 3 111 122 146 149 138 50 808
1946 26 26 16 8 6 7 134 129 145 130 123 42 792
1947 38 25 16 8 6 3 122 130 142 141 131 48 810
1948 27 25 16 8 10 12 42 91 163 181 162 43 780
1949 36 29 18 9 7 3 107 122 155 142 132 46 806
1950 39 25 16 8 6 5 128 138 148 138 128 35 814
1951 27 25 16 8 6 7 133 111 152 140 130 47 . 802
1952 26 25 16 8 6 3 99 137 136 136 128 47 767
1953 40 25 16 8 6 12 105 132 148 143 120 48 803
1954 37 25 16 8 6 3 81 136 157 148 125 49 791
1955 39 26 16 8 6 14 113 136 152 138 129 30 807
1956 36 25 16 8 6 9 120 119 145 141 131 31 787
1957 33 27 16 8 6 12 123 124 157 145 135 17 803
1958 26 26 16 8 6 3 52 107 161 154 146 49 754
1959 40 28 17 8 7 8 140 139 147 134 121 17 806
1960 40 27 16 8 6 3 116 122 150 138 129 46 801
1961 39 25 16 8 6 3 113 135 146 143 131 34 799
1962 39 25 16 8 6 3 123 135 148 139 130 43 815
1963 26 25 16 8 6 3 8 130 171 162 151 50 756
1964 32 26 17 8 7 17 144 134 138 131 123 30 807

r 1965 29 25 16 8 6 13 73 138 149 140 110 47 754
1966 39 25 16 8 6 8 136 132 139 128 119 43 799
1967 39 25 16 8 6 4 26 134 130 158 147 51 744
1968 42 27 17 8 7 3 119 135 143 144 119 49 812
1969 34 25 16 8 6 3 104 139 139 133 126 46 779
1970 32 26 16 8 6 3 125 138 139 136 127 47 803
1971 34 25 16 6 6 11 143 109 142 132 122 4~ 794
1972 37 25 16 8 6 39 137 130 141 132 123 21 815
1973 26 25 16 8 6 3 110 136 149 139 129 43 790
1974 28 25 16 8 6 3 93 140 155 125 136 49 784
1975 32 26 16 8 6 3 96 138 150 135 127 47 784
1976 26 26 16 8 17 48 125 131 137 125 108 30 797
1977 37 26 16 8 12 26 116 71 105 90 84 13 604
1978 29 19 12 6 5 3 76 140 162 152 142 19 765
1979 41 26 17 8 6 3 105 138 157 143 133 39 816
1980 29 25 16 8 6 3 104 128 147 141 133 47 787
1981 39 27 16 8 6 3 95 133 161 149 139 37 813
1982 27 26 16 8 6 3 32 119 151 167 153 18 726
1983 28 27 17 8 7 3 51 106 143 167 149 27 733
1984 38 27 17 8 7 9 138 136 144 132 114 44 814
1985 31 25 16 8 6 3 115 143 157 143 132 17 796
1986 38 25 16 8 6 3 98 139 162 147 137 21 800
1987 40 27 16 8 6 3 120 137 149 134 125 46 811
1988 34 25 16 8 6 16 116 119 144 137 128 47 796
1989 39 25 16 8 10 3 118 148 152 145 134 17 815
1990 30 25 16 8 6 14 146 90 153 139 122 40 789
1991 39 26 16 8 8 3 71 100 116 109 98 36 630

Avg. 33 25 16 8 7 8 101 124 145 138 127 38 771
Prct. 4 3 2 1 1 1 13 16 19 18 16 5 100
Max 42 29 18 9 17 48 147 148 171 181 162 53 816
Min 20 19 12 6 5 3 8 71 94 86 75 13 574
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Total HCPP Diversion
No Projec~No Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 23 25 16 8 6 4 83 92 78 80 80 45 540
1923 24 25 16 8 6 19 74 80 79 83 79 17 510
1924 35 26 16 8 6 14 66 72 74 79 68 32 496
1925 20 19 13 6 5 3 76 76 78 79 79 26 480
1926 39 26 17 8 7 10 52 77 76 90 77 51 530
1927 32 26 17 8 6 4 87 88 77 80 79 47 551
1928 23 25 16 8 6 3 73 78 78 92 84 48 534
1929 38 25 16 8 6 7 74 75 73 80 79 46 527
1930 40 27 16 8 7 3 63 74 77 81 75 31 502
1931 38 26 16 8 6 21 73 77 72 75 69 32 513
1932 29 19 13 6 5 5 68 74 72 74 71 31 467
1933 26 20 13 6 5 13 72 76 76 78 73 31 489
1934 27 20 12 6 6 4 68 75 74 76 71 32 471
1935 27 19 13 6 5 3 23 83 77 80 80 47 463
1936 32 26 17 8 6 3 67 76 76 80 80 44 517
1937 37 28 16 8 6 3 71 78 77 80 79 47 530
1938 30 25 16 8 6 3 69 94 82 81 79 25 518
1939 31 26 16 8 17 41 74 78 75 82 75 23 546
1940 35 27 16 8 6 3 82 78 78 80 80 48 541
1941 27 26 16 8 6 4 10 92 83 80 80 53 485
1942 28 27 17 8 7 3 17 92 84 80 80 48 491
1943 36 26 17 8 7 3 77 84 78 80 79 48 543
1944 34 26 16 8 6 6 70 77 76 80 79 48 526
1945 33 25 16 8 6 3 68 80 77 81 80 48 525
1946 23 26 16 8 6 7 73 79 77 81 79 42 517
1947 38 25 16 8 6 3 70 80 76 83 78 48 531
1948 27 25 16 8 10 12 42 89 89 80 80 43 521
1949 36 29 18 9 7 3 68 79 76 79 78 46 528
1950 37 25 16 8 6 5 75 81 77 80 80 33 523
1951 27 25 16 8 6 7 73 85 77 81 80 47 532
1952 26 25 16 8 6 3 73 95 85 83 81 47 548
1953 37 25 16 8 6 12 78 98 86 80 81 48 575
1954 34 25 16 8 6 3 54 87 79 90 82 49 533
1955 36 26 16 8 6 14 71 77 75 84 77 30 520
1956 36 25 16 8 6 9 76 100 86 82 80 30 554
1957 31 27 16 8 6 12 79 87 77 82 78 17 520
1958 20 26 16 8 6 3 32 83 90 83 82 49 498
1959 38 28 17 8 7 8 74 78 78 91 76 17 520
1960 40 27 16 8 6 3 70 77 79 89 80 45 540
1961 39 25 16 8 6 3 72 81 63 90 80 34 537
1962 39 25 16 8 6 3 70 78 78 83 80 43 529
1963 22 25 16 8 6 3 8 84 78 80 81 50 461
1964 29 26 17 8 7 17 76 78 77 87 78 30 530
1965 29 25 16 8 6 13 68 83 77 81 81 47 534
1966 39 25 16 8 6 8 77 80 79 89 79 43 549
1967 39 25 16 8 6 4 2 90 90 81 80 51 492
1968 42 27 17 8 7 3 71 77 77 89 77 48 543
1969 34 25 16 8 6 3 80 100 85 82 62 46! 567
1970 28 26 16 8 6 3 73 78 78 87 78 47 528
1971 34 25 16 8 6 11 77 94 84 81 81 46 563
1972 35 25 16 8 6 39 78 79 77 90 76 21 550
1973 26 25 16 8 6 3 73 82 77 83 82 43 524
1974 25 25 16 8 6 3 65 88 83 85 82 491 535
1975 29 26 16 8 6 3 74 100 84 84 83 47 560
1976 24 26 16 8 17 48 74 78 79 90 79 30 569
1977 37 26 16 8 12 26 76 70 74 77 66 13 501
1978 29 19 12 6 5 3 62 90 77 82 80 19 484
1979 40 26 17 8 6 3 72 84 79 85 78 38 536
1980 26 25 16 8 6 3 68 81 77 81 82 47 520
1981 39 27 16 8 6 3 69 81 78 88 79 37 531
1982 27 26 16 8 6 3 32 78 86 84 82 18 466
1983 28 27 t7 8 7 3 26 93 96 86 84 201 495
1984 37 27 17 8 7 9 77 84 79 83 83 43 554
1985 31 25 16 8 6 3 69 80 82 84 77 17 498
1986 38 25 16 8 6 3 71 82 80 82 80 21 512
1987 40 27 16 8 6 3 76 85 90 69 77 46 563
1988 34 25 16 8 6 16 71 82 89 86 79 47 559
1989 39 25 16 8 10 3 72 79 78 88 76 17 511
1990 29 25 16 8 6 14 76 81 80 89 80 40 544
1991 39 26 16 8 8 3 64 74 71 80 72 36 497

Avg. 32 25 16 8 7 8 65 83 79 83 79 38 523
Prct. 6 5 3 2 1 2 13 16 15 16 15 7 100
Max 42 29 18 9 17 48 87 100 96 92 84 53 575
Min 20 19 12 6 5 3 2 70 71 74 66 13 461
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Total HCPP Diversion
Project - Screen Only
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 34 24 15 7 6 4 124 130 146 136 127 53 806
1923 27 24 15 7 6 16 100 143 155 147 138 17 795
1924 35 25 15 7 6 13 96 94 i01 89 76 36 593
1925 20 16 12 6 4 3 86 102 156 158 147 33 745
1926 42 25 15 7 6 9 58 132 166 155 142 57 814
1927 31 24 15 7 6 4 113 135 138 142 133 54 802
1928 26 24 15 7 6 3 89 136 149 142 133 54 784
1929 38 24 15 7 6 6 123 140 123 135 127 52 796
1930 41 27 15 7 6 3 85 130 162 152 140 39 807
1931 37 24 15 7 6 19 99 79 94 92 86 37 595
1932 29 18 12 6 4 4 93 83 102 96 89 38 574
1933 29 19 12 6 4 12 102 66 100 87 82 36 575
1934 27 20 12 6 5 4 91 92 102 93 88 37 577
1935 28 18 12 6 4 3 27 134 162 156 146 54 750
1936 34 24 15 7 6 3 97 129 139 150 141 51 796
1937 39 27 15 7 6 3 95 140 144 144 135 55 810
1938 31 24 15 7 6 3 80 111 157 148 139 32 753
1939 31 24 15 7 13 39 142 118 140 127 120 28 804
1940 36 25 15 7 6 3 92 114 162 153 143 54 810
1941 29 24 15 7 6 3 6 111 169 168 157 62 757
1942 29 25 15 7 6 3 13 124 166 157 147 55 747
1943 39 25 15 7 6 3 88 134 153 143 135 54 802
1944 38 25 15 7 6 5 107 118 153 144 135 54 807
1945 34 24 15 7 6 3 105 122 147 151 141 56 811
1946 26 24 15 7 6 5 127 130 146 131 125 48 790
1947 39 24 15 7 6 3 114 131 142 144 134 54 813
1948 26 24 15 7 9 11 37 87 163 185 166 51 781
1949 35 27 16 8 6 3 101 121 154 143 134 53 801
1950 39 24 15 7 6 4 121 139 149 139 131 41 815
1951 26 24 15 7 6 5 125 111 153 142 133 54 801
1952 26 24 15 7 6 3 92 136 136 137 131 54 767
1953 40 24 15 7 6 9 99 133 149 146 122 55 805
1954 37 24 15 7 6 3 76 135 158 151 128 56 796
1955 38 24 15 7 6 12 107 137 152 139 131 36 804
1956 37 24 15 7 6 8 113 119 146 143 135 37 790
1957 33 26 15 7 6 11 118 126 159 149 139 17 806
1958 26 25 15 7 .6 3 46 105 162 157 150 57 759
1959 39 27 15 7 6 6 134 142 149 137 125 17 804
1960 40 26 15 7 6 3 110 122 150 139 131 53 802
1961 39 24 15 7 6 3 106 135 147 145 133 40 800
1962 39 24 15 7 6 3 115 135 148 141 133 50 816
1963 26 24 15 7 6 3 5 128 172 166 155 58 765
1964 30 25 15 7 6 15 139 136 138 133 125 36 805
1965 29 24 15 7 6 12 67 139 150 142 112 55 758
1966 39 24 15 7 6 6 128 133 139 129 121 49 796
1967 40 24 15 7 6 3 19 i33 130 161 152 581 748
1968 41 25 15 7 6 3 112 136 143 146 122 55’ 811
1969 34 24 15 7 6 3 97 139 139 135 128 53! 780
1970 32 25 15 7 6 3 117 139 139 137 129 53 502
1971 34 24 15 7 6 9 138 109 143 133 125 52 795
1972 37 24 15 7 6 36 132 131 141 133 125 26 813
1973 26 24 15 7 6 3 102 137 150 140 132 49 791
1974 28 24 15 7 6 3 88 140 156 127 139 56 789
1975 31 24 15 7 6 3 91 138 151 136 131 54 787
1976 26. 25 15 7 13 48 120 132 137 126 110 36 795
1977 37 25 15 7 9 25 112 71 105 91 81 17 595
1978 29 18 12 6 4 3 72 138 164 155 145 25 771
1979 40 24 15 7 6 3 98 138 157 145 136 45 814
1980 28 24 15 7 6 3 97 128 148 142 136 53 787
1981 38 25 15 7 6 3 89 133 161 151. 142 43 813
1962 26 24 15 7 6 3 26 119 154 172 157 17 726
1983 27 25 ~15 7 6 3 44 104 145 170 153 33 732
1984 37 25 15 7 6 7 131 138 144 133 116 50 809
1985 31 24 15 7 6 3 109 145 159 147 135 17 798
1986 38 24 15 7 6 3 92 139 163 149 140 26 802
1987 39 26 15 7 6 3 113 138 149 136 128 53 813
1988 34 24 15 7 6 13 111 119 144 139 131 53 796
1989 40 24 15 7 8 3 112 151 154 148 138 17 817
1990 29 24 15 7 6 14 135 89 153 141 125 47 785
1991 40 25 15 7 6 2 67 99 113 110 95 41 620

Avg. 33 24 15 7 6 7 95 124 146 140 130 44 771
Prct. 4 3 2 1 1 1 12 16 19 18 17 6 100
Max 42 27 16 8 13 48 142 151 172 185 166 62 817
Min 20 18 12 6 4 2 5 71 94 87 76 17 574

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 38
C-086138



Total HCPP Diversion
Project with GF
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May,, Jun Jul Aug Sep total

1922 34 24 15 7 6 4 124 130 146 136 127 531 806
1923 27 24 15 7 6 16 100 143 155 147~ 138 17 795
1924 35 25 15 7 6 13 97 96 i01 89 83 36 603
1925 20 19 12 6 4 3 86 102 156 156 147 33 745
1926 42 25 15 7 6 9 58 132 166 155 142 57 814
1927 31 24 15 7 6 4 113 135 138 142 133 54 802
1928 26 24 15 7 6 3 89 136 149 142 133 54 784
1929 36 24 15 7 6 6 123 140 123 135 127 52 796
1930 41 27 15 7 6 3 85 130 163 152 142 39 810
1931 37 24 15 7 6 19 99 79 94 92 86 37 595
1932 29 18 12 6 4 4 93 83 102 96 89 38 574
1933 29 19 12 6 4 12 102 86 100 87 82 36 575
1934 27 20 12 6 5 4 91 92 102 93 88 37 577
1935 28 18 12 6 4 3 27 134 165 156 146 54 753
1936 34 24 15 7 6 3 97 129 139 150 141 51 796
1937 39 27 15 7 6 3 95 140 144 144 135 55 810
1938 31, 24 15 7 6 3 80 111 157 148 139 32 753
1939 31 24 15 7 13 39 142 118 140 127 120 28 804
1940 36 25 15 7 6 3 92 114 163 153 143 54 811
1941 29 24 15 7 6 3 6 111 169 168 157 62 757
1942 29 25 15 7 6 3 13 124 166 157 147 55 747
1943 39 25 15 7 6 3 88 134 153 143 135 54 802
1944 38 25 15 7 6 5 107 118 153 144 135 54 807
1945 34 24 15 7 6 3 105 122 147 151 141 55 811
1946 26 24 15 7 6 5 127 130 146 131 125 48 790
1947 39 24 15 7 6 3 114 131 142 144 134 54 813
1948 26 24 15 7 9 11 37 87 162 183 165 51 777
1949 35 27 16 8 6 3 101 121 155 143 134 53 802
1950 39 24 15 7 6 4 121 139 149 139 131 41 815
1951 26 24 15 7 6 5 126 111 153 142 133 54 . 802
1952 26 24 15 7 6 3 92 136 136 137 131 54 767
1953 40 24 15 7 6 9 99 133 149 146 122 55 805
1954 37 24 15 7 6 3 76 135 158 151 128 56 796
1955 38 24 15 7 6 12 107 137 152 139 131 36 804
1956 37 24 15 7 6 8 113 119 146 143 135 37 790
1957 33 26 15 7 6 11 118 126 159 149 139 17 806
1958 26 25 15 7 6 3 46 105 162 157 150 57 759
1959 39 27 15 7 6 6 134 142 149 137 125 17 804
1960 40 26 15 7 6 3 110 122 150 139 131 53 802
1961 39 24 15 7 6 3 106 135 147 145 133 40 800
1962 39 24 15 7 6 3 115 135 148 141 133 50 816
1963 26 24 15 7 6 3 5 128 171 166 155 58 764
1964 30 25 15 7 6 15 139 136 138 133 125 36 805
1965 29 24 15 7 6 12 67 139 150 142 112 55 758
1966 39 24 15 7 6 6 128 133 139 129 121 49 796
1967 40 24 15 7 6 3 19 133 130 161 152 58 748
1968 41 25 15 7 6 3 112 136 143 146 122 55 811
1969 34 24 15 7 6 3 97 139 139 135 128 53 780
1970 32 25 15 7 6 3 117 139 139 137 129 53 802
1971 34 24 15 7 6 9 138 109 143 133 125 52 795
1972 37 24 15 7 6 36 132 131 141 133 125 26 813
1973 26 24 15 7 6 3 102 137 150 140 132 49 791
1974 28 24 15 7 6 3 88 140 156 127 139 56 789
1975 31 24 15 7 6 3 91 138 151 136 131 54 787
1976 26 25 15 7 13 48 120 132 137 126 110 361 795
1977 37 25 15 7 9 25 112 71 105 91 86 17 600
1978 29 18 12 6 4 3 72 138 164 155 145 25 771
1979 40 24 15 7 6 3 98 138 157 145 136 45 814
1980 28 24 15 7 6 3 97 128 148 142 136 53 787
1981 38 25 15 7 6 3 89 133 161 151 142 43 813
1982 26 24 15 7 6 3 26 119 154 172 156 17 725
1983 27 25 15 7 6 3 44 104 145 170 153 33 732
1984 37 25 15 7 6 7 131 138 144 133 116 50 809
1985 31 24 15 7 6 3 109 145 159 147 135 17 798
1986 38 24 15 7 6 3 92 139 163 149 140 26 802
1987 39 26 15 7 6 3 113 138 149 136 128 53 813
1988 34 24 15 7 6 13 111 119 144 139 131 53 796
1989 40 24 15 7 8 3 112 151 154 148 138 17 817
1990 29 24 15 7 6 14 141 89 154 141 125 47 792
1991 40 25 15 7 6 2 67 99 116 110 102 40 629

Avg. 33 24 15 7 6 7 95 124 146 140 130 44 772
Prct. 4 3 2 1 1 1 12 16 19 18 17 6 100
Max 42 27 16 8 13 48 142 151 171 183 165 62 817
Min 20 18 12 6 4 2 5 71 94 87 82 17 574

DRAFT- SUBJECTTO REVISION November~ 1996

C--0861 39
C-086139



Total HCPP Diversion
No ProjecUNo Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 31 24 15 7 6 4 79 91 76 83 83 52 551
1923 24 24 15 7 6 16 73 78 76 84 77 16 496
1924 35 25 15 7 6 13 66 73 72 77 70 36 495
1925 20 18 12 6 4 3 73 74 77 79 77 33 476
1926 39 25 15 7 6 9 47 77 79 79 76 57 516
1927 31 24 15 7 6 4 86 88 77 82 83 54 557
1928 23 24 15 7 6 3 69 78 77 91 85 54 532
1929 35 24 15 7 6 6 71 77 74 77 77 52 524
1930 41 27 15 7 6 3 63 75 74 80 76 38 505
1931 37 24 15 7 6 19 72 74 72 77 73 37 513
1932 29 18 12 6 4 4 67 75 72 75 73 36 471
1933 26 19 12 6 4 12 72 77 74 77 74 36 489
1934 27 20 12 6 5 4 66 75 74 78 73 37 477
1935 28 18 12 6 4 3 17 82 74 84 77 54 459
1936 31 24 15 7 6 3 66 75 74 81 77 51 510
1937 36 27 15 7 6 3 70 75 75 78 77 54 523
1938 31 24 15 7 6 3 65 93 85 85 85 32 531
1939 29 24 15 7 13 39 75 77 74 80 75 28 536
1940 36 25 15 7 6 3 79 75 75 84 79 54 538
1941 26 24 15 7 6 3 4 91 86 85 84 61 492
1942 26 25 15 7 6 3 11 91 87 85 84 55 495
1943 35 25 15 7 6 3 74 84 77 84 84 54 548
1944 34 25 15 7 6 5 67 76 75 81 77 54 522

’1945 33 24 15 7 6 3 70 83 74 83 78 55 531
1946 22 24 15 7 6 5 71 78 76 84 77 48 513
1947 39 24 15 7 6 3 68 76 75 82 77 54 528
1948 26 24 15 7 9 11 37 86 90 81 80 51 517
1949 35 27 16 8 6 3 67 78 73 76 79 53 521
1950 37 24 15 7 6 4 74 78 74 80 77 40 516
1951 26 24 15 7 6 5 71 86 74 84 78 54 . 530
1952 26 24 15 7 6 3 66 94 84 89 87 54 555
1953 37 24 15 7 6 9 77 99 90 86 86 54 590
1954 34 24 15 7 6 3 49 85 80 93 80 56 532
1955 35 24 15 7 6 12 70 76 77 85 76 36 519
1956 37 24 15 7 6 8 74 99 85 87 86 37 565
1957 30 26 15 7 6 11 78 91 76 85 82 16 523
1958 20 25 15 7 6 3 26 81 95 88 87 57 510
1959 37 27 15 7 6 6 74 76 77 94 79 17 515
1960 40 26 15 7 6 3 71 75 77 85 78 52 535
1961 39 24 15 7 6 3 72 80 82 86 77 40 531
1962 39 24 15 7 6 3 72 76 75 91 78 50 536
1963 22 24 15 7 6 3 4 82 77 85 85 58 468
1964 27 25 15 7 6 15 75 76 76 85 76 36 519
1965 29 24 15 7 6 12 62 82 77 85 87 54 540
1966 39 24 15 7 6 6 76 80 80 91 81 49 554
1967 40 24 15 7 6 3 1 89 93 86 85 58 507
1968 41 25 15 7 6 3 71 74 78 91 77 55 543
1969 34 24 15 7 6 3 74 99 87 88 87 53 577
1970 29 25 15 7 6 3 71 78 77 86 78 53 528
1971 34 24 15 7 6 9 75 95 89 87 86 52 579
1972 35 24 15 7 6 36 81 78 77 94 76 26 585
1973 26 24 15 7 6 3 72 82 74 88 83 49 529
1974 25 24 15 7 6 3 59 87 85 91 87 56 545
1975 28 24 15 7 6 3 73 99 84 89 87 54 569
1976 23 25 15 7 13 48 73 77 78 88 79 36 562
1977 37 26 15 7 9 25 74 70 74 77 68 17 498
1978 29 18 12 6 4 3 57 89 76 86 85 25 490
1979 39 24 15 7 6 3 71 84 77 88 77 44 535
1980 25 24 15 7 6 3 67 80 75 84 84 53 523
1981 38 25 15 7 6 3 69 79 75 85 76 43 521
1982 26 24 15 7 6 3 26 77 85 90 88 17 464
1983 27 25 15 7 6 3 19 92 97 91 90 27 499
1984 36 25 15 7 6 7 83 84 78 87 89 49 566
1985 31 24 15 7 6 3 68 79 83 84 76 17 493
1986 38 24 15 7 6 3 70 82 80 82 81 26 514
1987 39 26 15 7 6 3 74 84 88 85 76 53 556
1988 34 24 15 7 6 13 70 80 80 83 80 53 545
1989 40 24 15 7 8 3 72 78 81 82 76 17 503
1990 28 24 15 7 6 14 73 82 , 75 87 79 47 537
1991 40 25 15 7 6 2 62 75 72 77 74 41 496

Avg. 32 24 15 7 6 7 63 82 79 84 80 44 523
Prct. 6 5 3 1 1 1 12 16 15 16 15 8 100
Max 41 27 16 8 13 48 86 99 97 94 90 61 590
Min 20 18 12 6 4 2 1 70 72 75 68 16 459

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 40
C-086140



HCPP Diversion for GCID
F..xisting Conditions
1995 HydroJogy

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 8 9 6 3 2 2 112 125 139 125 78 30 639
1923 10 9 6 3 2 17 96 137 146 135 76 1 638
1924 17 10 6 3 2 12 88 92 96 81 65 20 492
1925 6 7 5 2 2 1 91 100 120 135 77 10 556
1926 24 10 7 3 3 8 62 113 118 139 77 35 599
1927 14 10 7 3 2 2 112 129 119 127 78 31 634
1928 8 9 6 3 2 1 95 119 121 130 83 32 609
1929 20 9 6 3 2 5 98 117 113 123 78 30 604
1930 22 11 6 3 3 1 82 113 119 132 74 16 582
1931 20 10 6 3 2 19 95 76 89 83 66 20 489
1932 15 7 5 2 2 3 88 80 97 87 68 21 475
1933 14 8 5 2 2 11 95 82 95 79 69 19 461
1934 13 8 4 2 3 2 88 88 97 85 68 20 478
1935 13 7 5 2 2 1 32 118 119 124 80 31 534
1936 17 10 7 3 2 1 90 120 118 123 80 28 599
1937 21 12 6 3 2 1 92 120 120 124 80 32 613
1938 13 9 6 3 2 1 83 107 127 125 76 10 562
1939 15 10 6 3 13 39 103 113 116 117 72 7 614
1940 17 11 6 3 2 1 96 111 120 124 80 32 603
1941 12 10 6 3 2 2 9 110 128 124 80 37 523
1942 13 11 7 3 3 1 19 122 129 123 80 32 543
1943 22 10 7 3 3 1 94 125 120 123 78 32 618
1944 19 10 6 3 2 4 93 114 118 124 79 32 604
1945 16 9 6 3 2 1 92 118 119 125 80 34 605
1946 8 10 6 3 2 5 97 122 120 120 77 26 596
1947 20 9 6 3 2 1 93 123 117 128 78 32 612
1948 9 9 6 3 6 10 41 87 132 123 80 27 533
1949 18 13 8 4 3 1 91 118 118 122 78 30 604
1950 21 9 6 3 2 3 100 125 119 123 77 19 607
1951 9 9 6 3 2 5 97 107 119 124 79 31 . 591
1952 8 9 6 3 2 1 98 133 129 125 79 31 624
1953 22 9 6 3 2 10 101 128 133 123 78 32 647
1954 19 9 6 3 2 1 80 127 122 135 80 33 617
1955 21 10 6 3 2 12 95 120 116 126 74 14 599
1956 18 9 6 3 2 7 101 115 130 126 77 15 609
1957 15 11 6 3 2 10 106 120 119 127 76 1 596
1958 8 10 6 3 2 1 51 103 136 129 82 33 564
1959 22 12 7 3 3 6 99 121 120 125 73 1 592
1960 22 11 6 3 2 1 95 118 121 128 79 30 616
1961 21 9 6 3 2 1 97 125 128 133 77 18 620
1962 21 9 6 3 2 1 94 121 121 127 78 27 610
1963 8 9 6 3 2 1 7 119 121 124 81 34 515
1964 14 10 7 3 3 15 102 120 119 122 75 14 604
1965 11 9 6 3 2 11 72 125 120 122 78 31 590
1966 21 9 6 3 2 6 103 124 121 119 76 27 617
1967 21 9 6 3 2 2 25 129 124 125 80 35 561
1968 24 11 7 3 3 1 94 119 119 132 75 32 620
1969 16 9 6 3 2 1 103 135 131 123 79 30 638
1970 14 10 6 3 2 1 99 121 121 126 77 31 611
1971 16 9 6 3 2 9 103 105 127 122 78 30 610
1972 19 9 6 3 2 37 104 122 120 123 73 5 623
1973 8 9 6 3 2 1 97 125 118 126 79 27 601
1974 10 9 6 3 2 1 92 130 129 116 81 33 612
1975 14 10 6 3 2 1 94 134 130 125 80 31 630
1976 8 10 6 3 13 46 100 120 122 116 76 14 634
1977 19 10 6 3 8 24 101 68 100 83 63 1 486
1978 15 7 4 2 2 1 75 129 120 126 77 3 561
1979 23 10 7 3 2 1 94 128 121 130 77 23 619
1980. 11 9 6 3 2 1 91 123 119 125 80 31 601
1981 21 11 6 3 2 1 88 123 120 136 78 21 610
1982 9 10 6 3 2 1 31 107 133 130 79 2 513
1983 10 11 7 3 3 1 50 102 132 132 81 11 543
1984 20 11 7 3 3 7 105 130 122 122 80 28 638
1985 13 9 6 3 2 1 92 124 127 130 74 1 582
1986 20 9 6 3 2 1 90 125 123 127 77 5 588
1987 22 11 6 3 2 1 101 131 139 125 76 30 647
1986 16 9 6 3 2 14 94 115 136 128 78 31 632
1989 21 9 6 3 6 1 97 122 120 133 73 1 592
1990 12 9 6 3 2 12 102 66 1,22 129 77 24 584
1991 21 10 6 3 4 1 70 97 108 102 69 24 515

Avg. 16 10 6 3 3 6 86 116 121 122 77 23 587
Prct. 3 2 1 0 0 1 15 20 21 21 13 4 100
Max 24 13 8 4 13 46 112 137 146 139 83 37 647
Min 6 7 4 2 2 1 7 68 89 79 63 1 475

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 41



HCPP Diversion for GCID
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 8 9 6 3 2 2 131 125 139 125 112 30 692
1923 10 9 6 3 2 17 104 137 147 135 120 1 691
1924 17 10 6 3 2 12 77 85 96 61 63 20 472
1925 6 7 5 2 2 1 91 100 150 146 130 10 650
1926 24 10 7 3 3 8 62 130 158 144 126 35 710
1927 14 10 7 3 2 2 119 130 131 131 117 31 697
1928 8 9 6 3 2 1 95 133 143 131 117 32 680
1929 20 9 6 3 2 5 130 135 118 125 112 30 695
1930 22 11 6 3 3 1 89 128 156 140 126 16 701
1931 20 10 6 3 2 19 102 76 89 83 74 20 504
1932 15 7 5 2 2 3 97 80 97 87 77 21 493
1933 14 8 5 2 2 11 106 82 95 79 70 19 493
1934 13 8 4 2 3 2 95 88 97 85 76 20 493
1935 13 7 5 2 2 1 32 132 158 144 129 31 656
1936 17 10 7 3 2 1 103 125 133 139 124 28 692
1937 21 12 6 3 2 1 100 136 138 133 119 32 703
1938 13 9 6 3 2 1 83 107 149 135 121 10 639
1939 15 10 6 3 13 39 143 114 134 117 104 7 705
1940 17 11 6 3 2 1 96 111 156 141 127 32 703
1941 12 10 6 3 2 2 9 110 164 156 140 37 651
1942 13 11 7 3 3 1 19 122 158 145 131 32 645
1943 22 10 7 3" 3 1 94 131 147 132 119 32 701
1944 19 10 6 3 2 4 113 114 146 133 120 32 702
1945 16 9 6 3 2 1 110 118 140 140 125 34 704
1946 8 10 6 3 2 5 133 125 139 121 110 26 688 -,
1947 20 9 6 3 2 1 121 126 136 132 118 32 706
1948 9 9 6 3 6 10 41 87 156 173 154 27 683
1949 18 13 8 4 3 1 106 118 149 133 119 30 702
1950 21 9 6 3 2 3 127 134 142 129 115 19 710
1951 9 9 6 3 2 5 131 107 146 131 117 31 697
1952 8 9 6 3 2 1 98 133 130 127 115 31 663
1953 22 9 6 3 2 10 104 128 142 134 107 32 699
1954 19 9 6 3 2 1 80 132 151 139 112 33 687
1955 21 10 6 3 2 12 112 132 146 129 116 14 703
1956 18 9 6 3 2 7 119 115 139 132 118 15 683
1957 15 11 6 3 2 10 122 120 151 136 122 1 699
1958 8 10 6 3 2 1 51 103 155 145 133 33 650
1959 22 12 7 3 3 6 138 135 141 125 108 1 701
1960 22 11 6 3 2 1 115 118 144 129 116 30 697
1961 21 9 6 3 2 1 112 131 140 134 118 16 695
1962 21 9 6 3 2 1 122 131 142 130 117 27 711
1963 8 9 6 3 2 1 7 126 166 153 138 34 653
1964 14 10 7 3 3 15 143 130 132 122 110 14 703
1965 11 9 6 3 2 11 72 134 143 131 97 31 650
1966 21 9 6 3 2 6 135 128 133 119 106 27 695
1967 21 9 6 3 2 2 25 130 124 149 134 35 640
1968 24 11 7 3 3 1 118 131 137 135 106 32 708
1969 16 9 6 3 2 1 103 135 133 124 113 30 675
1970 14 10 6 3 2 1 124 134 133 127 114 31 699
1971 16 9 6 3 2 9 142 105 136 123 109 30 690
1972 19 9 6 3 2 37 136 126 135 123 110 5 711
1973 8 9 6 3 2 1 109 132 143 130 116 27 686
1974 10 9 6 3 2 1 92 136 149 116 123 33 680
1975 14 10 6 3 2 1 95 134 144 126 114 31 680
1976 8 10 6 3 13 46 124 127 131 116 95 14 693
1977 19 10 6 3 8 24 115 68 100 83 72 1 509
1978 15 7 4 2 2 1 75 136 156 143 129 3 673
1979 23 10 7 3 2 ~ 1 104 134 151 134 120 23 712
1980 11 9 6 3 2 1 103 124 141 132 120 31 683
1981 21 11 6 3 2 1 94 129 155 140 126 21 709
1982 9 10 6 3 2 1 31 115 145 158 143 2 625
1983 10 11 ’7 3 3 1 50 102 137 158 137 11 630
1984 20 11 7 3 3 7 137 132 138 123 101 28 710
1985 13 9 6 3 2 1 114 139 151 134 119 1 692
1986 20 9 6 3 2 1 97 135 156 138 124 5 696
1987 22 11 6 3 2 1 119 133 143 125 112 30 707
1988 16 9 6 3 2 14 115 115 138 128 115 31 692
1989 21 9 6 3 6 1 117 144 146 136 121 1 711
1990 12 9 6 3 2 12 143 86 147 130 109 24 683
1991 21 10 6 3 4 1 70 97 107 102 89 24! 534

Avg. 16 10 6 3 3 ~ 99 120 139 129 115 23 668
Prct. 2 1 1 0 0 1 15 18 21 19 17 3 100
Max 24 13 8 4 13 46 143 144 166 173 154 37 712
Min 6 7 4 2 2 1 7 68 89 79 63 1 472

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 42
(3-086142



HCPP Diversion for GCID
Project w~th GF
1995 Hydrology

1000 Acre Feet
water
year O~ Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 8 9 6 3 2 2 131 125 139 125 112 30 692
1923 10 9 6 3 2 17 104 137 147 135 120 1 691
1924 17 10 6 3 2 12 101 92 96 81 68 20 508
1925 6 7 5 2 2 1 91 100 150 146 130 10 650
1926 24 10 7 3 3 8 62 130 158 144 126 35 710
1927 14 10 7 3 2 2 119 130 131 131 117 31= 697
1928 8 9 6 3 2 1 95 133 143 131 117 32 680
1929 20 9 6 3 2 5 130 135 118 125 112 30 695
1930 22 11 6 3 3 1 89 128 156 140 126 16i 701
1931 20 10 6 3 2 19 102 76 89 83 74 20 504
1932 15 7 5 2 2 3 97 80 97 87 77 21 493
1933 14 8 5 2 2 11 106 82 95 79 70 19 493
1934 13 8 4 2 3 2 95 88 97 85 76 2~ 493
1935 13 7 5 2 2 1 32 132 158 144 129 31 656
1936 17 10 7 3 2 1 103 125 133 139 124 28 692
1937 21 12 6 3 2 1 100 136 138 133 119 32 703
1938 13 9 6 3 2 1 83 107 149 135 121 10 639
1939 15 10 6 3 13 39 146 114 134 117 ~104 7 708
1940 17 11 6 3 2 1 96 111 156 141 127 32 703
1941 12 10 6 3 2 2 9 110 164 156 140 37 651
1942 13 11 7 3 3 1 19 122 158 145 131 35 645
1943 22 10 7 3 3 1 94 131 147 132 119 32 701
1944 19 10 6 3 2 4 113 114 146 133 120 32 702
1945 16 9 6 3 2 1 110 118 140 140 125 34 704
1946 8 10 6 3 2 5 133 125 139 121 110 26 688
1947 20 9 6 3 2 1 121 126 136 132 118 32 706
1948 9 9 6 3 6 10 41 87 158 173 154 27 683
1949 18 13 8 4 3 1 106 118 149 133 119 30 702
1950 21 9 6 3 2 3 127 134 142 129 115 19 710
1951 9 9 6 3 2 5 132 107 146 131 117 31 . 698
1952 8 9 6 3 2 1 98 133 130 127 115 31 663
1953 22 9 6 3 2 10 104 128 142 134 107 32 699
1954 19 9 6 3 2 1 80 132 151 139 112 33 687
1955 21 10 6 3 2 12 112 132 146 129 116 14 703
1956 18 9 6 3 2 7 119 115 139 132 118 15 683
1957 15 11 6 3 2 10 122 120 151 136 122 1 699
1958 8 10 6 3 2 1 51 103 155 145 133 33 650
1959 22 12 7 3 3 6 139 135 141 125 108 1 702
1960 22 11 6 3 2 1 115 118 144 129 116 30 697
1961 21 9 6 3 2 1 112 131 140 134 118 18 695
1962 21 9 6 3 2 1 122 131 142 130 117 27 711
1963 8 9 6 3 2 1 7 126 166 153 138 34 653
1964 14 10 7 3 3 15 143 130 132 122 110 14 703
1965 11 9 6 3 2 11 72 134 143 131 97 31 650
1966 21 9 6 3 2 6 135 128 133 119 106 27 695
1967 21 9 6 3 2 2 25 130 124 149 134 35 640
1968 24 11 7 3 3 1 118 131 137 135 106 32 708
1969 16 9 6 3 2 1 103 135 133 124 113 30 675
1970 14 10 6 3 2 1 124 134 133 127 114 31 699
1971 16 9 6 3 2 9 142 105 136 123 109 30 690
1972 19 9 6 3 2 37 136 126 135 123 110 5 711
1973 8 9 6 3 2 1 109 132 143 130. 116 27 686
1974 10 9 6 3 2 1 92 136 149 116 123 33 680
1975 14 10 6 3 2 1 95 134 144 126 114 31 680
1976 8 10 6 3 13 46 124 127 131 116 95 14 693
1977 19 10 6 3 8 24 115 68 100 83 74 1 511
1978 15 7 4 2 2 1 75 136 156 143 129 3 673
1979 23 10 7 3 2 1 104 134 151 134 120 ~ 23 712
1980 11 9 6 3 2 1 103 124 141 132 120 31 683
1981 21 11 6 3 2 ,1 94 129 155 140 126 21 709
1982 9 10 6 3 2 1 31 115 145 158 143 2 625
1983 10 11 .7 3 3 1 50 102 137 158 137 11 630
1984 20 11 7 3 3 7 137 132 138 123 101 28 710
1985 13 9 6 3 2 1 114 139 151 134 119 1 692
1986 20 9 6 3 2 1 97 135 156 138 124 5 696
1987 22 11 6 3 2 1 119 133 143 125 112 30 707
1988 16 9 6 3 2 14 115 115 138 128 115 31 692

1990 12 9 6 3 2 12 145 86 147 130 109 24 685
1991 21 10 6 3 4 1 70 97 111 102 91 24 540

Avg. 16 10 6 3 3 6 100 120 139 129 115 23 669
Prct. 2 1 1 0 0 1 15 18 21 19 17 3 100
Max 24 13 8 4 13 46 146 144 166 173 154 37 712
Min 6 7 4 2 2 1 7 68 89 79 68 1 493

DRAFT. SUBJECT TO REVISION Novernberl~ 1996

C--0861 43
C-086143



HCPP Diversion for GCID
No ProjecUNo Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 5 9 6 3 2 2 83 92 78 80 78 29 467
1923 6 9 6 3 2 17 74 80 79 83 76 1 436

1924 17 10 6 3 2 12 66 72 74 78 65 20 425
1925 6 7 5 2 2 1 75 76 78 79 77 10 418
1926 21 10 7 3 3 8 51 77 76 90 77 35 458
1927 14 10 7 3 2 2 87 88 77 80 78 31 479
1928 5 9 6 3 2 1 72 78 78 92 83 32 461
1929 20 9 6 3 2 5 74 75 73 80 78 30 455
1930 22 11 6 3 3 1 63 74 77 81 74 15 430
1931 20 10 6 3 2 19 73 74 72 75 66 20 440
1932 15 7 5 2 2 3 68 73 72 74 68 19 408
1933 12 8 5 2 2 11 72 76 76 76 69 19 428
1934 13 8 4 2 3 2 68 75 74 76 68 20 413
1935 13 7 5 2 2 1 22 82 77 80 80 31 402
1936 14 10 7 3 2 1 67 78 76 80 80 28 446
1937 19 12 6 3 2 1 71 78 77 80 79 31 459
1938 12 9 6 3 2 1 68 92 82 81 76 9 441
1939 13 10 6 3 13 39 74 78 75 82 72 7 472
1940 17 11 6 3 2 1 81 78 78 80 80 32 469
1941 9 10 6 3 2 2 9 91 83 80 60 37 412
1942 10 11 7 3 3 1 16 91 84 80 80 32 418
1943 18 10 7 3 3 1 76 84 78 80 78 32 470
1944 16 10 6 3 2 4 70 77 76 80 79 32 455
1945 15 9 6 3 2 1 68 80 77 81 80 32 454
1946 5 10 6 3 2 5 73 79 77 81 77 26 444
1947 20 9 6 3 2 1 70 80 76 83 78 32 460
1948 9 9 6 3 6 10 41 86 89 80 80 27 446
1949 18 13 8 4 3 1 68 79 76 79 78 30 457
1950 19 9 6 3 2 3 75 81 77 80 77 17 449
1951 9 9 6 3 2 5 73 85 77 81 79 31 460
1952 8 9 6 3 2 1 72 95 85 83 79 31 474
1953 19 9 6 3 2 10 78 98 86 80 78 32 501
1954 16 9 6 3 2 1 53 87 79 90 80 33 459
1955 18 10 6 3 2 12 71 77 75 84 74 14 446
1956 18 9 6 3 2 7 76 99 86 82 77 14 479
1957 13 11 6 3 2 10 79 87 77 82 75 1 446
1958 2 10 6 3 2 1 31 81 90 83 82 33 424
1959 20 12 7 3 3 6 74 78 78 91 73 1 446
1960 22 11 6 3 2 1 70 77 79 89 79 29 468
1961 21 9 6 3 2 1 72 81 83 90 77 18 463
1962 21 9 6 3 2 1 70 78 78 83 78 27 456
1963 4 9 6 3 2 1 7 83 78 80 81 34 388
1964 11 10 7 3 3 15 76 78 77 87 75 14 456
1965 11 9 6 3 2 11 67 63 77 81 78 31 459
1966 21 9 6 3 2 6 77 80 79 89 76 27 475
1967 21 9 6 3 2 2 1 89 90 81 80 35 419
1968 24 11 7 3 3 1 71 77 77 89 75 32 470
1969 16 9 6 3 2 1 79 100 85 82 79 30 492
1970 10 10 6 3 2 1 73 78 78 87 77 31 456
1971 16 9 6 3 2 9 77 92 84 81 78 30 487
1972 17 9 6 3 2 37 78 79 77 90 73 5 476
1973 8 9 6 3 2 1 73 82 77 83 79 27 450
1974 7 9 6 3 2 1 64 88 83 85 81 33 462
1975 11 10 6 3 2 1 74 100 84 84 80 31 486
1976 6 10 6 3 13 46 74 78 79 90 76 14 495
1977 19 10 6 3 8 24 76 67 74 77 63 1 428
1978 15 7 4 2 2 1 61 90 77 82 77 3 421
1979 22 10 7 3 2 1 72 84 79 85 77 22’ 464
1980 8 9 6 3 2 1 68 81 77 81 80 31~ 447
1981 21 11 6 3 2 1 69 81 78 88 78 21; 459
1982 9 10 6 3 2 1 31 77 86 84 79 2 390
1983 10 11 7 3 3 1 25 92 96 86 81 4 419
1984 19 11 7 3 3 7 77 84 79 83 80 27 480
1985 13 9 6 3 2 1 69 60 82 84 74 1 424
1986 20 9 6 3 2 1 71 82 80 82 77 5 438
1987 22 11 6 3 2 1 76 85 90 89 76 30 491
1988 16 9 6 3 2 14 71 82 89 86 78 31 487
1989 21 9 6 3 6 1 72 79 78 88 73 1 437
1990 11 9 6 3 2 12 76 80 80 89 77 24 469
1991 21 10 6 3 4 1 64 74 71 80 69 24 427

Avg, 15 10 6 3 3 6 65 82 79 83 77 23 451
Prct. 3 2 1 1 1 1 14 18 18 18 17 5 100
Max 24 13 8 4 13 46 87 100 96 92 83 37 501
Min 2 7 4 2 2 1 1 67 71 74 63 1 388

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 44
C-086144



HCPP Diversion for GCID
Project - Screen Only
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 16 8 5 2 2 2 123 126 140 127 114 37 702
1923 9 8 5 2 2 14 99 139 149 138 125 1 691
1924 17 9 5 2 2 11 96 93 96 82 73 24 510
1925 6 6 4 2 1 1 85 98 150 149 134 17 653
1926, 24 9 5 2 2 7 57 128 160 146 129 41 710
1927 13 8 5 2 2 2 112 131 132 133 120 38 698
1928 8 8 5 2 2 1 88 132 143 133 120 38 680
1929 20 8 5 2 2 4 122 136 117 126 114 36 692
1930 23 11 5 2 2 1 84 126 156 143 129 23 705
1931 19 8 5 2 2 17 98 76 89 85 76 25 502
1932 15 6 4 2 1 2 92 80 97 89 79 26 493
1933 15 7 4 2 1 10 101 83 95 80 72 24 494
1934 13 8 4 2 2 2 90 89 97 86 78 25 496
1935 14 6 4 2 1 1 26 130 156 147 133 38 658
1936 16 ~ 5 2 2 1 96 125 133 141 128 35 692
1937 21 11 5 2 2 1 94 136 138 135 122 39 706
1938 13 8 5 2 2 1 79 107 151 139 126 16 649
1939 13 8 5 2 9 37 141 114 134 118 107 12 700
1940 18 9 5 2 2 1 91 110 156 144 130 38 706
1941 11 8 5 2 2 1 5 107 165 159 144 46 655
1942 11 9 5 2 2 1 12 120 160 148 134 39 "643
1943 21" 9 5 2 2 1 87 130 147 134 122 38 698
1944 20 9 5 2 2 3 106 114 147 135 122 38 703
1945 16 8 5 2 2 1 104 118 141 142 128 40 707
1946 8 8 5 2 2 3 126 126 140 122 112 32 686
1947 21 8 5 2 2 1 113 127 136 135 121 38 709
1948 8 8 5 2 5 9 36 83 158 177 158 35 684
1949 17 11 6 3 2 1 100 117 148 134 121 37 697
1950 21 8 5 2 2 2 120 135 143 130 118 25 711
1951 8 8 5 2 2 3 124 107 147 133 120 38 . 697
1952 8 8 5 2 2 1 91 132 130 128 116 38 663
1953 22 8 5 2 2 7 98 129 143 137 109 39 701
1954 19 8 5 2 2 1 75 131 152 142 115 40 692
1955 20 8 5 2 2 10 106 133 146 130 118 20 700
1956 19 8 5 2 2 6 112 115 140 134 122 21 686
1957 15 10 5 2 2 9 117 122 153 140 126 1 702
1958 8 9 5 2 2 1 45 101 156 145 137 41 655
1959 21 11 5 2 2 4 133 138 143 128 112 1 700
1960 22 10 5 2 2 1 109 118 144 130 118 37 698
1961 21 8 5 2 2 1 105 131 141 136 120 24 696
1962 21 8 5 2 2 1 114 131 142 132 120 34 712
1963 8 8 5 2 2 1 4 124 167 157 142 42 662
1964 12 9 5 2 2 13 138 132 132 124 112 20 701
1965 11 8 5 2 2 10 66 135 144 133 99 39 654
1966 21 8 5 2 2 4 127 129 133 120 108 33 692
1967 22 8 5 2 2 1 18 129 124 152 139 42 644
1968 23 9 5 2 2 1 111 132 137 137 109 39 707
1969 16 8 5 2 2 1 96 135 133 126 115 37 676
1970 14 9 5 2 2 1 116 135 133 128 116 37 696
1971 16 8 5 2 2 7 137 105 137 124 112 36 691
1972 19 8 5 2 2 34 131 127 135 124 112 10 709
1973 8 8 5 2 2 1 101 133 144 131 119 33 687
1974 10 8 5 2 2 1 87 136 150 118 126 40 685
1975 13 8 5 2 2 1 90 134 145 127 118 38 683
1976 8 9 5 2 9 46 119 128 131 117 97 20 691
1977 19 9 5 2 5 23 111 68 100 84 76 5 507
1978 15 6 4 2 1 1 71 134 158 146 132 9 679
1979 22 6 5 2 2 1 97 134 151 136 123 29 710
~980 10 8 5 2 2 1 96 124 142 133 123 37 683
1981 20 9 5 2 2 1 88 129 155 142 129 27 709
1982 6 8 5 2 2 1 25 115 148 163 147 1 625
1983 9 9 ’5 2 2 1 43 100 139 161 141 17 629
1984 19 9 5 2 2 5 130 134 138 124 103 34 705
1985 13 8 5 2 2 1 108 141 153 138 122 1 694
1986 20 8 5 2 2 1 91 135 157 140 127 10 698
1987 21 10 5 2 2 1 112 134 143 127 115 37 709
1988 16 8 5 2 2 11 110 115 138 130 118 37 692
1989 22 8 5 2 4 1 111 147 148 139 125 1 713
1990 11 8 5 2 2 12 134 85. 147 132 112 31 681
1991 22 9 5 2 2 0 66 96 111 103 92 29 537

Avg. 16 8 5 2 2 5 94 120 140 131 118 29 670
Prct. 2 1 1 0 0 1 14 18 21 20 18 4 100
Max 24 11 6 3 9 46 141 147 167 177 158 46 713
Min 6 6 4 2 1 0 4 68 89 80 72 1 493

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 45
C-086145



HCPP Diversion for GCID
Project with GF
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Ju~ Jul Aug Sep total

1922 16 8 5 2 2 2 123 126 140 127 114 37 702
1923 9 8 5 2 2 14 99 139 149 138 125 1 691
1924 17 9 5 2 2 11 96 93 96 82 73 24 510
1925 6 6 4 " 2 1 1 85 98 150 149 134 17 653
1926 24 9 5 2 2 7 57 126 160 146 129 41 710
1927 13 8 5 2 2 2 112 13t 132 133 120 38 698
1928 8 8 5 2 2 1 88 132 143 133 120 38 680
1929 20 8 5 2 2 4 122 136 117 126 114 36 692
1930 23 11 5 2 2 1 84 126 157 143 129 23 706
1931 19 8 5 2 2 17 98 76 89 85 76 25 502
1932 15 6 4 2 1 2 92 89 97 89 79 26 493
1933 15 7 4 2 1 10 101 83 95 80 72 24 494
1934 13 8 4 2 2 2 90 89 97 66 78 25 496
1935 14 6 4 2 1 1 26 130 159 147 133 38 661
1936 16 8 5 2 2 1 96 125 133 141 128 35 692
1937 21 11 5 2 2 1 94 136 136 135 122 39 706
1938 13 8 5 2 2 1 79 107 151 139 126 16 649
1939 13 8 5 2 9 37 141 114 134 118 107 12 700
1940 18 9 5 2 2 1 91 110 157 144 130 38 707
1941 11 8 5 2 2 1 5 107 165 159 144 46 655
1942 11 9 5 2 2 1 12 120 160 148 134 39 643
1943 21 9 5 2 2 1 87 130 147 134 122 38 698
1944 20 9 5 2 2 3 106 114 147 135 122 38 703
1945 16 8 5 2 2 1 104 118 141 142 128 40 707
1946 8 8 5 2 2 3 126 126 140 122 112 32 686
1947 21 8 5 2 2 1 113 127 136 135 121 38 709
1948 8 8 5 2 5 9 36 83 158 177 158 35 684
1949 17 11 6 3 2 1 100 117 149 134 121 37 698
1950 21 8 5 2 2 2 120 135 143 130 118 25 711
1951 8 8 5 2 2 3 125 107 147 133 120 36 .698
1952 8 8 5 2 2 1 91 132 130 128 118 38 663
1953 22 8 5 2 2 7 98 129 143 137 109 39 701
1954 19 8 5 2 2 1 75 131 152 142 115 40 692
1955 20 8 5 2 2 10 106 133 146 130 118 20 700
1956 19 8 5 2 2 6 112 115 140 134 122 21 686
1957 15 10 5 2 2 9 117 122 153 140 126 l 702
1958 8 9 5 2 2 1 45 101 156 146= 137 41 655
1959 21 11 5 2 2 4 133 138 143 126 112 1 700
1960 22 10 5 2 2 1 109 118 144 130 118 37 698
1961 21 8 5 2 2 1 105 131 141 136 120 24 696
1962 21 8 5 2 2 1 114 131 142 132 120 34 712
1963 8 8 5 2 2 1 4 124 167 157 142 42 662
1964 12 9 5 2 2 13 138 132 132 124 112 20 701
1965 11 8 5 2 2 10 66 135 144 133 99 39 654
1966 21 8 5 2 2 4 127 129 133 120 108 33 692
1967 22 8 5 2 2 1 18 129 124 152 139 42 644
1968 23 9 5 2 2 1 111 132 137 137 109 39 707
1969 16 8 5 2 2 1 96 135 133 126 115 37 676
1970 14 9 5 2 2 1 116 135 133 128 116 37 698
1971 16 8 5 2 2 7 137 105 137 124 112 36 691
1972 19 8 5 2 2 34 131 127 135 124 112 10 709
1973 8 8 5 2 2 1 101 133 144 131 119 33 687
1974 10 8 5 2 2 1 87 136 150 118 126 40 685
1975 13 8 5 2 2 1 90 134 145 127 118 36 683
1976 8 9 5 2 9 46 119 128 131 117 97 20 691
1977 19 9 5 2 5 23 111 68 100 84 76 5 507
1978 15 6 4 2 1 1 71 134 158 146 132 9 679
1979 22 8 5 2 2 1 97 134 151 136 123 29 710
1980 10 8 5 2 2 1 96 124 142 133 123 37 663
1981 20 9 5 2 2 1 88 129 155 142 129 27 709
1982 8 8 5 2 2 1 25 115 148 163 147 1 625
1983 9 9 5 2 2 1 43 100 139 161 141 17 629
1984 19 9 5 2 2 5 130 134 138 124 103 34 705
1985 13 8 5 2 2 1 108 141 153 138 122 1 694
1986 20 8 5 2 2 1 91 135 157 140 127 1C 698
1987 21 10 5 2 2 1 112 134 143 127 115 37 709
1988 16 8 5 2 2 11 110 115 138 130 118 37 692
1989 22 8 5 2 4 1 111 147 146 139 125 1 713
1990 11 8 5 2 2 12 140 85 148 132 112 31 688
1991 22 9 5 2 2 0 66 96 111 103 92 29 537

Avg. 16 8 5 2 2 5 94 120 140 131 118 29 670
Prcto 2 1 1 0 0 1 14 18 21 20 18 4 100
Max 24 11 6 3 9 46 141 147 167 177 158 46 713
Min 6 6 4 2 1 0 4 68 89 80 72 1 493

DRAFT- SUBJECT TO REVISION November 1~ 1996

�-0861 46
(3-086146



HCPP Diversion for GCID
No ProjecUNo Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 13 8 5 2 2 2 79 91 76 83 82 36 479
1923 6 8 5 2 2 14 73 78 76 84 74 0 422
1924 17 9 5 2 2 11 66 73 ’72 77 67 24 425
1925 6 6 4 2 1 1 72 74 77 79 77 17 416
1926 21 9 5 2 2 7 46 77 79 79 76 41 444
1927 13 8 5 2 2 2 86 88 77 82 83 38 486
1928 5 8 5 2 2 1 68 78 77 91 85 38 460
1929 20 8 5 2 2 4 71 77 74 77 77 36 453
1930 23 11 5 2 2 1 63 75 74 80 76 22 434
1931 19 8 5 2 2 17 72 72 72 77 70 25 441
1932 15 6 4 2 1 2 67 73 72 75 70 24 411
1933 12 7 4 2 1 10 72 77 74 76 70 24 429
1934 13 8 4 2 2 2 66 75 74 78 70 25 419
1935 14 6 4 2 1 1 16 81 74 84 77 38 396
1936 13 8 5 2 2 1 66 75 74 81 77 35 439
1937 16 11 5 2 2 1 70 75 75 78 77 38 452
1938 13 8 5 2 2 1 64 91 85 85 82 16 454
1939 11 8 5 2 9 37 75 77 74 80 72 12 462
1940 18 9 5 2 2 1 78 75 75 84 79 38 466
1941 8 8 5 2 2 1 3 89 86 85 84 45 418
1942 8 9 5 2 2 1 10 90 87 85 84 39 422
1943 17 9 5 2 2 1 73 84 77 84 84 38 476
1944 16 9 5 2 2 3 67 76 75 81 77 38 451
1945 15 8 5 2 2 1 70 83 74 83 78 39 460
1946 4 8 5 2 2 3 71 78 76 84 76 32 441
1947 21 8 5 2 2 1 68 78 75 82 77 38 457
1948 8 8 5 2 5 9 36 82 90 81 80 35 441
1949 17 11 6 3 2 1 67 78 73 76 79 37 450
1950 19 8 5 2 2 2 74 78 74 80 76 24 444
1951 8 8 5 2 2 3 71 86 74 84 78 38 . 459
1952 8 8 5 2 2 1 65 94 84 89 86 38 482
1953 19 8 5 2 2 7 77 99 90 86 84 38 517
1954 16 8 5 2 2 1 48 85 80 93 80 40 460
1955 17 8 5 2 2 10 70 76 77 85 74 20 446
1956 19 8 5 2 2 6 74 99 85 87 83 21 491
1957 12 10 5 2 2 9 78 91 76 85 79 0 449
1958 2 9 5 2 2 1 25 79 95 88 87 41 436
1959 19 11 5 2 2 4 74 76 77 94 76 1 441
1960 22 10 5 2 2 1" 71 75 77 85 78 36 464
1961 21 8 5 2 2 1 72 80 82 86 76 24 459
1962 21 8 5 2 2 1 72 76 75 91 78 34 465
1963 4 8 5 2 2 1 3 81 77 85 85 42 395
1964 9 9 5 2 2 13 75 76 76 85 74 20 446
1965 11 8 5 2 2 10 61 82 77 85 84 38 465
1966 21 8 5 2 2 4 76 80 80 91 79 33 481
1967 22 8 5 2 2 1 0 88 93 86 85 42 434
1968 23 9 5 2 2 1 71 74 78 91 76 39 471
1969 16 8 5 2 2 1 73 99 87 88 85 37 503
1970 11 9 5 2 2 1 71 78 77 86 78 37 457
1971 16 8 5 2 2 7 75 92 89 87 84 36 503
1972 17 8 5 2 2 34 81 78 77 94 73 10 481
1973 8 8 5 2 2 1 72 82 74 88 82 33 457
1974’ 7 8 5 2 2 1 58 87 85 91 87 40 473
1975 10 8 5 2 2 1 72 99 84 89 86 38 496
1976 5 9 5 2 9 46 73 77 78 88 76 20 488
1977 19 9 5 2 5 23 74 67 74 77 65 5 425
1978 15 6 4 2 1 1 56 89 76 86 82 9 427
1979 21 8 5 2 2 1 71 84 77 88 77 28 464
1980 7 8 5 2 2 1 67 80 75 84 84 37 452
1981 20 9 5 2 2 1 69 79 75 85 76 27 450
1982 8 8 5 2 2 1 25 76 85 90 85 1 388
1983 9 9 5 2 2 1 18 91 97 91 88 11 424
1984 18 9 5 2 2 5 83 84 78 87 86 33 492
1985 13 8 5 2 2 1 68 79 83 84 73 1 419
1986 20 8 5 2 2 1 70 82 80 82 78 10 440
1987 21 10 5 2 2 1 74 84 88 85 76 37 485
1988 16 8 5 2 2 11 70 80 80 83 80 37 474
1989 22 8 5 2 4 1 72 78 81 82 73 1 429
1990 10 8 5 2 2 12 73 80 75 87 78 31 463
1991 22 9 5 2 2 0 62 75 72 77 71 29 426

Avg. 14 8 5 2 2 5 63 81 79 84 79 28 452
PrcL 3 2 1 0 0 1 14 18 17 19 17 100
Max 23 11 6 3 9 46 86 99 97 94 88 45! 517
Min 2 6 4 2 1 0 0 67 72 75 65 0! 388

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 47



HCPP Diversions for Refuges
Existing Conditions
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 1 4 4 9 2 16 91
1923 18 16 10 5 4 2 1 4 2 9 3 16 90
1924 18 16 10 5 4 2 0 3 5 7 3 12 85
1925 14 12 8 4 3 2 1 4 0 1 2 16 67
1926 18 16 10 5 4 2 1 1 0 5 -0 16 78
1927 18 16 10 5 4 2 1 3 0 5 1 16 81
1928 18 16 10 5 4 2 1 1 0 7 1 16 81
1929 18 16 10 5 4 2 0 0 0 6 1 16 78
1930 18 16 10 5 4 2 1 1 0 5 1 16 79
1931 18 16 10 5 4 2 0 3 5 7 3 12 85
1932 14 12 8 4 3 2 0 3 5 7 3 12 73
1933 14 12 8 4 3 2 0 3 5 7 4 12 74
1934 14 12 8 4 3 2 0 3 5 7 3 12 73
1935 14 12 8 4 3 2 1 1 0 0 0 16 61
1936 18 16 10 5 4 2 1 1 0 0 0 16 73
1937 18 16 10 5 4 2 1 0 0 0 0 16 72
1938 18 16 10 5 4 2 1 4 0 0 3 16 79
1939 18 16 10 5 4 2 0 4 0 7 3 16 85
1940 18 16 10 5 4 2 1 4 0 0 0 16 76
1941 18 16 10 5 4 2 1 4 0 0 0 16 76
1942 18 16 10 5 4 2 1 4 0 0 0 16 76
1943 18 16 10 5 4 2 1 1 0 0 1 16 74
1944 18 16 10 5 4 2 0 4 0 0 0 16 75
1945 18 16 10 5 4 2 0 4 0 0 0 16 75
1946 18 16 10 5 4 2 0 9 0 5 2 16 78
1947 18 16 10 5 4 2 0 0 0 1 0 16 72
1948 18 16 10 5 4 2 1 4 1 0 0 16 77
1949 18 16 10 5 4 2 1 2 0 0 0 16 74
1950 18 16 10 5 4 2 0 0 0 1 3 16 75
1951 18 16 10 5 4 2 0 4 0 1 1 16 77
1952 18 16 10 5 4 2 1 4 2 3 2 16 83
1953 18 16 10 5 4 2 1 4 1 1 3 16 61
1954 18 16 19 5 4 2 1 2 0 4 2 16 80
1955 18 16 10 5 4 2 0 0 0 4 3 16 78
1956 18 16 10 5 4 2 0 4 1 1 3 16 80
1957 18 16 10 5 4 2 1 4 0 0 3 16 79
1958 18 16 10 5 4 2 1 4 1 0 0 16 77
1959 18 16 10 5 4 2 0 0 0 8 3 16 82
1960 18 16 10 5 4 2 0 1 0 7 1 16 80
1961 18 16 10 5 4 2 1 1 0 6 3 16 82
1962 18 16 10 5 4 2 0 0 0 1 2 16 74
1963 18 16 10 5 4 2 1 2 0 0 0 16 74
1964 18 16 10 5 4 2 0 0 0 7 3 16 81
1965 18 16 10 5 4 2 1 1 0 2 3 16 78
1966 18 16 10 5 4 2 0 0 0 9 3 16 63
1967 18 16 10 5 4 2 1 3 5 0 0 16 80
1968 18 16 10 5 4 2 0 0 0 5 2 16 78
1969 18 16 10 5 4 2 1 4 0 4 3 16 83
1970 18 16 10 5 4 2 0 0 0 7 1 16 79
1971 18 16 10 5 4 2 0 4 1 4 3 16 83
1972 18 16 10 5 4 2 0 0 0 8 3 16 82
1973 18 16 10 5 4 2 1 1 0 3 3 16 79
1974 18 16 10 5 4 2 1 1 0 9 1 161 83
1975 18 16 10 5 4 2 1 4 0 4 3 16! 83
1976 18 16 10 5 4 2 0 0 0 9 3 16 83
1977 18 16 10 5 4 2 0 3 5 7 3 12 85
1978 14 12 8 4 3 2 1 2 0 0 3 16; 65
1979 18 16 10 5 4 2 1 1 0 1 1 16; 75
1980 16 16 10 5 4 2 1 1 0 0 2 16 75
1981 18 16 10 5 4 2 1 1 0 1 1 16 75
1982 18 16 10 5 4 2 1 2 0 0 3 16 77
1983 18 16 10 5 4 2 1 4 4 0 3 16 83
1984 18 16 10 5 4 2 0 0 0 5 3 16 79
1985 18 16 10 5 4 2 0 0 0 0 3 16 74
1986 18 16 10 5 4 2 1 1 0 0 3 16 76
1987 18 16 10 5 4 2 1 1 0 9 1 16 83
1988 18 16 10 5 4 2 0 4 1 5 1 16 82
1989 18 16 10 5 4 2 0 0 0 3 3 16 77
1990 18 16 10 5 4 2 0 4 1 7 3 16 86
1991 18 16 10 5 4 2 1 3 1 7 3 12 82

Avg. 18 16 10 5 4 2 1 2 1 4 2 16 78
Prct. 23 20 13 6 5 3 1 3 1 5 2 20 100
Max 18 16 10 5 4 2 1 4 5 9 4 16 91
Min 14 12 8 4 3 2 0 0 0 0 0 12 61

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 48
C-086148



HCPP Diversions for Refuges
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 1 4 6 9 13 16 104
1923 18 16 10 5 4 2 1 4 6 9 13 16 104
1924 18 16 10 5 4 2 0 1 5 7 3 12 83
1925 14 12 8 4 3 2 1 4 6 9 13 16 92
1926 18 16 10 5 4 2 1 4 6 9 13 16 104
1927 18 16 10 5 4 2 1 4 6 9 13 16 104
1928 18 16 10 5 4 2 1 4 6 9 13 16 104
1929 18 16 10 5 4 2 1 4 6 9 13 16 104
1930 18 16 10 5 4 2 1 4 6 9 11 16 102
1931 18 16 10 5 4 2 1 3 5 7 10 12 93
1932 14 12 8 4 3 2 1 3 5 7 10 12 61
1933 14 12 8 4 3 2 1 3 5. 7 10 12 81
1934 14 12 8 4 3 2 1 3 5 7 10 12 81
1935 14 12 8 4 3 2 1 4 6 9 13 16 92
1936 18 16 10 5 4 2 1 4 6 9 13 16 104
1937 18 16 10 5 4 2 1 4 6 9 13 1~ 104
1938 18 16 10 5 4 2 1 4 6 9 13 16 104
1939 18 16 10 5 4 2 1 4 6 9 13 16 104
1940 18 16 10 5 4 2 1 4 6 9 13 161 104
1941 18 16 10 5 4 2 1 4 4 9 13 16 102
1942 18 16 10 5 4 2 1 4 6 9 13 16 104
1943 18 16 10 5 4 2 1 4 6 9 13 16 104
1944 18 16 10 5 4 2 1 4 6 9 13 16 104
1945 18 16 10 5 4 2 1 4 6 9 13 16 104
1946 18 16 10 5 4 2 1 4 6 9 13 16 104
1947 18 16 10 5 4 2 1 4 6 9 13 16 104
1948 18 16 10 5 4 2 1 4 5 8 8 16 97
1949 18 16 10 5 4 2 1 4 6 9 13 16 104
1950 18 16 10 5 4 2 1 4 6 9 13 16 104
1951 18 16 10 5 4 2 1 4 6 9 13 16 104
1952 18 16 10 5 4 2 1 4 6 9 13 16 104
1953 18 16 10 5 4 2 1 4 6 9 13 16 104
1954 18 16 10 5 4 2 1 4 6 9 13 16 104
1955 18 16 10 5 4 2 1 4 6 9 13 16: 104
1956 18 16 10 5 4 2 1 4 6 9 13 16 104
1957 18 16 10 5 4 2 1 4 6 9 13 16 104
1958 18 16 10 5 4 2 1 4 6 9 13 16 104
1959 18 16 10 5 4 2 1 4 6 9 13 16 104
1960 18 16 10 5 4 2 1 4 6 9 13 16 104
1961 18 16 10 5 4 2 1 4 6 9 13 16 104
1962 16 16 10 5 4 2 1 4 6 9 13 16 104
1963 18 16 10 5 4 2 1 4 5 9 13 16 103
1964 16 16 10 5 4 2 1 4 6 9 13 16! 104
1965 18 16 10 5 4 2 1 4 6 9 13 16 104
1966 18 16 10 5 4 2 1 4 6 9 13 16 104
1967 18 16 10 5 4 2 1 4 6 9 13 16 104
1968 18 16 10 5 4 2 1 4 6 9 13 16 104
1969 18 16 10 5 4 2 1 4 6 9 13 16 104
1970 18 16 10 5 4 2 1 4 6 9 13 16 104
1971 18 16 10 5 4 2 1 4 6 9 13 16 104
1972 18 16 10 5 4 2 1 4 6 9 13 16; 104
1973 18 16 10 5 4 2 1 4 6 9 13 16 104
1974 18 16 10 5 4 2 1 4 6 9 13 161 104
1975 18 16 10 5 4 2 1 4 6 9 13 16 104
1976 18 16 10 5 4 2 1 4 6 9 13 16 104
1977 18 16 10 5 4 2 1 3 5 7 5 12 88
1978 14 12 8 4 3 2 1 4 6 9 13 16 92
1979 18 16 10 5 4 2 1 4 6 9 13 16 104
1980 18 16 10 5 4 2 1 4 6 9 13 16 104
1981 18 16 10 5 4 2 1 4 6 9 13 16 104
1982 18 16 10 5 4 2 1 4 6 9 10 16 101
1983 18 16 10 5 4 2 1 4 6 9 12 16 103
1984 18 16 10 5 4 2 1 4 6 9 13 16 104
1985 18 16 10 5 4 2 1 4 6 9 13 16 104
1986 18 16 10 5 4 2 1 4 6 9 13 16 104
1987 18 16 10 5 4 2 1 4 6 9 13 16 104
1988 18 16 10 5 4 2 1 4 6 9 13 16 104
1989 18 16 10 5 4 2 1 4 6 9 13 16 104
1990 18 16 10 5 4 2 1 4 6 9 13 16 104
1991 18 16 10 5 4 2 1 3 2 7 3 12 83

Avg. 18 16 10 5 4 2 1 4 6 9 12 16 101
Prct. 17 15 10 5 4 2 1 4 6 9 12 15 100
Max 18 16 10 5 4 2 1 4 6 9 13 16 104
Min 14 12 8 4 3 2 0 1 2 7 3 12 81

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 49
C-086149



HCPP Diversions for Refuges
Project with GF
1995 Hydmlogy

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 1 4 6 9 13 16 104
1923 18 16 10 5 4 2 1 4 6 9 13 16 104
1924 18 16 10 5 4 2 1 3 5 7 7 12 90
1925 14 12 8 4 3 2 1 4 6 9 13 16 92
1926 18 16 10 5 4 2 1 4 6 9 13 16 104
1927 18 16 10 5 4 2 1 4 6 9 13 16 104
1928 18 16 10 5 4 2 1 4 6 9 13 16 104
1929 18 16 10 5 4 2 1 4 6 9 13 16 104
1930 18 16 10 5 4 2 1 4 6 9 13 16 104
1931 18 16 10 5 4 2 1 3 5 7 10 12 93
1932 14 12 8 4 3 2 1 3 5 7 10 12 81
1933 14 12 8 4 3 2 1 3 5 7 10 12 81
1934 14 12 8 4 3 2 1 3 5 7 10 12 81
1935 14 12 8 4 3 2 1 4 6 9 13 16 92
1936 18 16 10 5 4 2 1 4 6 9 13 16 104
1937 18 16 10 5 4 2 1 4 6 9 13 16 104
1938 18 16 10 5 4 2 1 4 6 9 13 16 104
1939 18 16 10 5 4 2 1 4 6 9 13 16 104
1940 18 16 10 5 4 2 1 4 6 9 13 16 104
1941 18 16 10 5 4 2 1 4 4 9 13 16 102
1942 18 16 10 5 4 2 1 4 6 9 13 16 104
1943 18 16 10 5 4 2 1 4 6 9 13 16 104
1944 18 16 10 5 4 2 1 4 6 9 13 16 104
1945 18 16 10 5 4 2 1 4 6 9 13 16 104
1946 18 16 10 5 4 2 1 4 6 9 13 16 104
1947 18 16 10 5 4 2 1 4 6 9 13 16 104
1948 18 16 10 5 4 2 1 4 5 8 8 16 97
1949 18 16 10 5 4 2 1 4 6 9 13 16 104
1950 18 16 10 5 4 2 1 4 6 9 13 16 104
1951 18 16 10 5 4 2 1 4 6 9 13 16 . 104
1952 18 16 10 5 4 2 1 4 6 9 13 16 104
1953 18 16 10 5 4 2 1 4 6 9 13 16 104
1954 18 16 10 5 4 2 1 4 6 ¯ 9 13 16 104
1955 18 16 10 5 4 2 1 4 6 9 13 16 104
1956 18 16 10 5 4 2 1 4 6 9 13 16 104
1957 18 16 10 5 4 2 1 4 6 9 13 16 104
1958 18 16 10 5 ’4 2 1 4 6 9 13 16 104
1959 18 16 10 5 4 2 1 4 6 9 13 16 104
1960 18 16 10 5 4 2 1 4 6 9 13 16 104
1961 18 16 10 5 4 2 1 4 6 9 13 16 104
1962 18 16 10 5 4 2 1 4 6 9 13 16 104
1963 18 16 10 5 4 2 1 4 5 9 13 16 103
1964 18 16 10 5 4 2 1 4 6 9 13 16 104
1965 18 16 10 5 4 2 1 4 6 9 13 16 104
1966 18 16 10 5 4 2 1 4 6 9 13 16 104
1967 18 16 10 5 4 2 1 4 6 9 13 16 104
1968 18 16 10 5 4 2 1 4 6 9 13 16 104
1969 18 16 10 5 4 2 1 4 6 9 13 16 104
1970 18 16 10 5 4 2 1 4 6 9 13 16 104
1971 18 16 10 5 4 2 1 4 6 9 13 16 104
1972 18 16 10 5 4 2 1 4 6 9 13 16= 104
1973 18 16 10 5 4 2 1 4 6 9 13 16! 104
1974 18 16 10 5 4 2 1 4 6 9 13 16 104
1975 18 16 10 5 4 2 1 4 6 9 13 16 104
1976 18 16 10 5 4 2 1 4 6 9 13 16 104
1977 18 16 10 5 4 2 1 3 5 7 10 12 93
1978 14 12 8 4 3 2 1 4 6 9 13 16 92
1979 18 16 10 5 4 2 1 4 6 9 13 16 104
1980 18 16 10 5 4 2 1 4 6 9 13 16 104
1981 18 16 10 5 4 2 1 4 6 9 13 16 104
1982 18 16 10 5 4 2 1 4 6 9 10 16 101
1983 18 16 10 5 4 2 1 4 6 9 12 16 103
1984 18 16 10 5 4 2 1 4 6 9 13 16 104
1985 18 16 10 5 4 2 1 4 6 9 13 16 104
1986 18 16 10 5 4 2 1 4 6 9 13 16 104
1987 18 16 10 5 4 2 1 4 6 9 13 16 104
1988 18 16 10 5 4 2 1 4 6 9 13 16 104
1989 18 16 10 5 4 2 1 4 6 9 13 16 104
1990 18 16 10 5 4 2 1 4 6 9 13 16 104
1991 18 16 10 5 4 2 1 3 5 7 7 12 90

Avg. 18 16 10 5 4 2 1 4 6 9 12 16 102
Prct. 17 15 10 5 4 2 1 4 6 9 12 15 100
Max 18 16 10 5 4 2 1 4 6 9 13 16 104
Min 14 12 8 4 3 2 1 3 4 7 7 12 81

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 50
C-086150



HCPP Diversions for Refuges
No ProjecUNo Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 0 0 0 0 2 16 73
1923 18 16 10 5 4 2 0 0 0 0 3 16 74
1924 18 16 10 5 4 2 0 0 0 1 3 12 71
1925 14 12 8 4 3 2 1 0 0 0 2 16 62
1926 18 16 10 5 4 2 1 0 0 0 0 16 72
1927 18 16 10 5 4 2 0 0 0 0 1 16 72
1928 18 16 10 5 4 2 1 0 0 0 1 16 73
1929 18 16 10 5 4 2 0 0 0 0 1 16 72
1930 18 16 10 5 4 2 0 0 0 0 1 16 72
1931 18 16 10 5 4 2 0 3 0 0 3 12 73
1932 14 12 8 4 3 2 0 1 0 0 3 12 59
1933 14 12 8 4 3 2 0 0 0 2 4 12 61
1934 14 12 8 4 3 2 0 0 0 0 3 12 58
1935 14 12 8 4 3 2 1 1 0 0 0 16 61
1936 18 16 10 5 4 2 0 0 0 0 0 16 71
1937 18 16 10 5 4 2 0 0 0 0 0 16 71
1938 18 16 10 5 4 2 1 2 0 0 3 16 77
1939 18 16 10 5 4 2 0 0 0 0 3 16 74
1940 18 16 10 5 4 2 1 0 0 0 0 16 72
1941 18 16 10 5 4 2 1 1 0 0 0 16 73
1942 18 26 10 5 4 2 1 1 0 0 0 16 73
1943 18 16 10 5 4 2 1 0 6 0 1 16 73
1944 18 16 10 5 4 2 0 0 0 0 0 16 71
1945 18 16 10 5 4 2 0 0 0 0 0 16 71
1946 18 16 10 5 4 2 0 0 0 0 2 16 73
1947 18 16 10 5 4 2 0 0 0 0 0 16 71
1948 18 16 10 5 4 2 1 3 0 0 0 16 75
1949 18 16 10 5 4 2 0 0 0 0 0 16 71
1950 18 16 10 5 4 2 0 0 0 0 3 16 74
1951 18 16 10 5 4 2 0 0 0 0 1 16 72
1952 18 16 10 5 4 2 1 0 0 0 2 16 74
1953 18 16 10 5 4 2 0 0 0 0 3 16 74
1954 18 16 10 5 4 2 1 0 0 0 2 16 74
1955 18 16 10 5 4 2 0 0 0 0 3 16 74
1956 18 16 10 5 4 2 0 1 0 0 3 16 75
1957 18 16 10 5 4 2 0 0 0 0 3 16 74
1958 18 16 10 5 4 2 1 2 0 0 0 16 74
1959 18 16 10 5 4 2 0 0 0 0 3 16 74
1960 18 16 10 5 4 2 0 0 0 0 1 16 72
1961 18 16 10 5 4 2 0 0 0 0 3 16 74
1962 18 16 10 5 4 2 0 0 0 0 2 16 73
1963 18 16 10 5 4 2 1 1 0 0 0 16 73
1964 18 16 10 5 4 2 0 0 0 0 3 16 74
1965 18 16 10 5 4 2 1 0 0 0 3 16 75
1966, 18 16 10 5 4 2 0 0 0 0 3 16 74
1967 18 16 10 5 4 2 1 1 0 0 0 16 73
1968 18 16 10 5 4 2 0 0 0 0 2 16 73
1969 18 16 10 5 4 2 1 0 0 0 3 16 75
1970 18 16 10 5 4 2 0 0 0 0 1 16 72
1971 18 16 10 5 4 2 0 2 0 0 3 16 76
1972 18 16 10 5 4 2 0 0 0 0 3 16 74
1973 18 16 10 5 4 2 0 0 0 0 3 16 74
1974 18 16 10 5 4 2 1 0 0 0 1 16 73
1975 18 16 10 5 4 2 0 0 0 0 3 16 74
1976 18 16 10 5 4 2 0 0 0 0 3 16 74
1977 18 16 10 5 4 2 0 3 0 0 3 12 73
1978 14 12 8 4 3 2 1 0 0 0 3 16 63
1979 18 16 10 5 4 2 0 0 0 0 1 16 72
1980 18 16 10 5 4 2 0 0 0 0 2 16 73
1981 18 16 10 5 4 2 0 0 0 0 1 16 72
1982 18 16 10 5 4 2 1 1 0 0 3 16 76
1983 18 16 10 5 4 2 1 1 0 0 3 16 76
1984 18 16 10 5 4 2 0 0 0 0 3 16 74
1985 18 16 10 5 4 2 0 0 0 0 3 16 74
1986 18 16 10 5 4 2 0 0 0 0 3 16 74
1987 18 16 10 5 4 2 0 0 0 0 1 16 72
1988 18 16 10 5 4 2 0 0 0 0 1 16 72
1989 18 16 10 5 4 2 0 0 0 0 3 16 74
1990 18 16 10 5 4 2 0 1 0 0 3 16 75
1991 18 16 10 5 4 2 0 0 0 0 3 12 70

Avg. 18 16 10 5 4 2 0 0 0 0 2 16 72
Prct. 24 22 14 7 5 3 0 0 0 0 3 22 100
Max 18 16 10 5 4 2 1 3 0 2 4 16 77
Min 14 12 8 4 3 2 0 0 0 0 0 12 58

DRAFT- SUBJECTTO REVISION Novemberl~ 1996
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HCPP Diversions for Refuges
Project - Screen Only
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 1 4 6 9 13 16 104
1923 18 16 10 5 4 2 1 4 6 9 13 16 104
1924 18 16 10 5 4 2 0 1 5 7 3 12 53
1925 14 12 8 4 3 2 1 4 6 9 13 16 92
1926 18 16 10 5 4 2 1 4 6 9 13 16 104
1927 18 16 10 5 4 2 1 4 6 9 13 16 104
1928 18 16 10 5 4 2 1 4 6 9 13 16 104
1929 18 16 10 5 4 2 1 4 6 9 13 16 104
1930 18 16 10 5 4 2 1 4 6 9 11 16 102
1931 18 16 10 5 4 2 1 3 5 7 10 12 93
1932 14 12 8 4 3 2 1 3 5 7 10 12 81
1933 14 12 8 4 3 2 1 3 5 7 10 12 81
1934 14 12 8 4 3 2 1 3 5 7 10 12 81
1935 14 12 8 4 3 2 1 4 6 9 13 16 92
1936 18 1~ 10 5 4 2 1 4 6 9 13 16 104
1937 18 16 10 5 4 2 1 4 6 9 13 16 104
1938 18 16 10 5 4 2 1 4 6 9 13 16 104
1939 18 16 10 5 4 2 1 4 6 9 13 16 104
1940 18 16 10 5 4 2 1 4 6 9 13 16 104
1941 18 16 10 5 4 2 1 4 4 9 13 16 102
1942 18 16 10 5 4 2 1 4 6 9 13 16 ’104
1943 18 16 10 5 4 2 1 4 6 9 13 16 104
1944 18 16 10 5 4 2 1 4 6 9 13 16 104
1945 18 16 10 5 4 2 1 4 6 9 13 16 104
1946 18 16 10 5 4 2 1 4 6 9 13 16 104
1947 18 16 10 5 4 2 1 4 6 9 13 16 104
1948 18 16 10 5 4 2 1 4 5 8 8 16 97
1949 18 16 10 5 4 2 1 4 6 9 13 16 104
1950 18 16 10 5 4 2 1 4 6 9 13 16 104
1951 18 16 10 5 4 2 1 4 6 9 13 16 .104
1952 18 16 10 5 4 2 1 4 6 9 13 16 104
1953 18 16 10 5 4 2 1 4 6 9 13 16! 104
1954 18 16 10 5 4 2 1 4 6 9 13 16 104
1955 18 16 10 5 4 2 1 4 6 9 13 16 104
1956 18 16 10 5 4 2 1 4 6 9 13 16 104
1957 18 16 10 5 4 2 1 4 6 9 13 16 104
1958 18 16 10 5 4, 2 1 4 6 9 13 16! 104
1959 18 16 10 5 4 2 1 4 6 9 13 16 104
1960 18 16 10 5 4 2 1 4 6 9 13 16 104
1961 18 16 10 5 4 2 1 4 6 9 13 16 104
1962 18 16 10 5 4 2 1 4 6 9 13 16 104
1963 18 16 10 5 4 2 1 4 5 9 13 16 103
1964 18 16 10 5 4 2 1 4 6 9 13 16 104
1965 18 16 10 5 4 2 1 4 6 9 13 16 104
1966 18 16 10 5 4 2 1 4 6 9 13 16 104
1967 18 16 10 5 4 2 1 4 6 9 13 16 104
1968 18 16 10 5 4 2 1 4 6 9 13 16 104
1969 18 16 10 5 4 2 1 4 6 9 13 16 104
1970 18 16 10 5 4 2 1 4 6 9 13 16 104
1971 18 16 10 5 4 2 1 4 6 9 13 16 104
1972 18 16 10 5 4 2 1 4 6 9 13 16 104
1973 18 16 10 5 4 2 1 4 6 9 13 16 104
1974 18 16 10 5 4 2 1 4 6 9 13 16 104
1975 18 16 10 5 4 2 1 4 6 9 13 16 104
1976 18 16 10 5 4 2 1 4 6 9 13 16 104
1977 18 16 10 5 4 2 1 3 5 7 5 121 88
1978 14 12 8 4 3 2 1 4 6 9 13 16 92
1979 18 16 10 5 4 2 1 4 6 9 13 16 104
1980 18 16 10 5 4 2 1 4 6 9 13 1~ 104
1981 18 16 10 5 4 2 1 4 6 9 13 16 104
1982 18 16 10 5 4 2 1 4 6 9 10 16 101
1983 18 16 10 5 4 2 1 4 6 9 12 16 103
1984 18 16 10 5 4 2 1 4 6 9 13 16 104
1985 18 16 10 5 4 2 1 4 6 9 13 16 104
1986 18 16 10 5 4 2 1 4 6 9 13 16 104
1987 18 16 10 5 4 2 1 4 6 9 13 16 104
1988 18 16 10 5 4 2 1 4 6 9 13 16~ 104
1989 18 16 10 5 4 2 1 4 6 9 13 16 104
1990 18 16 10 5 4 2 1 4 6 9 13 16 104
1991 18 16 10 5 4 2 1 3 2 7 3 12 83

Avg. 18 16 10 5 4 2 1 4 6 9 12 16 101
Prct. 17 15 10 5 4 2 1 4 6 9 12 15 100
Max 18 16 10 5 4 2 1 4 6 9 13 16 104
Min 14 12 8 4 3 2 0 1 2 7 3 12 81

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 52
C-086152



HCPP Diversions for Refuges
Project with GF
2020 Hydrology

1000 Acre Feet
water

I
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 1 4 6 9 13 16 104
1923 18 16 10 5 4 2 1 4 6 9 13 16 1041924 18 16 10 5 4 2 1 3 5 7 10 12 93
1925 14 12 8 4 3 2 1 4 6 9 13 16 92
1926 18 16 10 5 4 2 1 4 6 9 13 16 1041927 18 16 10 5 4 2 1 4 6 9 13 16 104
1928 18 16 10 5 4 2 1 4 6 9 13 16 104
1929 18 16 10 5 4 2 1 4 6 9 13 16 104
1930 18 16 10 5 4 2 1 4 6 9 13 16 104
1931 18 16 10 5 4 2 1 3 5 7 10 12 93
1932 14 12 8 4 3 2 1 3 5 7 10 12 81
1933 14 12 8 4 3 2 1 3 5 7 10 12 81 ¯
1934 14 12 8 4 3 2 1 3 5 7 10 12 811935 14 12 ~ 4 3 2 1 4 6 9 13 16 92
1936 18 16 10 5 4 2 1 4 6 9 13 16 104
1937 18 16 10 5 4 2 1 4 6 9 13 16 104
1938 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1939 18 16 10 5 4 2 1 4 6 9 13 16 104
1940 18 16 10 5 4 2 1 4 6 9 13 16 104
1941 18 16 10 5 4 2 1 4 4 9 13 16 102
1942 18 16 10 5 4 2 1 4 6 9 13 16 104
1943 18 16 10 5 4 2 1 4 6 9 13 1~ 104
1944 18 16 10 5 4 2 1 4 6 9 13 16 104
1945 18 16 10 5 4 2 1 4 6 9 13 16 104
1946 18 16 10 5 4 2 1 4 6 9 13 16 104
1947 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1948 18 16 10 5 4 2 1 4 4 6 7 16 931949 18 16 10 5 4 2 1 4 6 9 13 16 104
1950 18 16 10 5 4 2 1 4 6 9 13 16 104
1951 18 16 10 5 4 2 1 4 6 9 13 16 . 104
1952 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1953 18 16 10 5 4 2 1 4 6 9 13 16 104
1954 18 16 10 5 4 2 1 4 6 9 13 16 104
1955 18 16 10 5 4 2 1 4 6 9 13 16 104
1956 18 16 10 5 4 2 1 4 6 9 13 16 104
1957 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1958 18 16 10 5 4 2 1 4 6 9 13 16 104
1959 18 16 10 5 4 2 1 4 6 9 13 16 104
1960 18 16 10 5 4 2 1 4 6 9 13 16 104
1961 18 16 10 5 4 2 1 4 6 9 13 16 104
1962 18 16 10 5 4 2 1 4 6 9 13 16 104
1963 18 16 10 5 4 2 1 4 4 9 13 16 102
1964 "18 16 10 5 4 2 1 4 6 9 13 16 104
1965 18 16 10 5 4 2 1 4 6 9 13 16 104
1966 18 16 10 5 4 2 1 4 6 9 13 16 104
1967 18 16 10 5 4 2 1 4 6 9 13 18 104
1968 18 16 10 5 4 2 1 4 6 9 13 16 104
1969 18 16 10 5 4 2 1 4 6 9 13 16 104
1970 18 16 10 5 4 2 1 4 6 9 13 16 104
1971 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1972 18 16 10 5 4 2 1 4 6 9 13 16 104
1973 18 16 10 5 4 2 1 4 6 9 13 16 104
1974 18 16 10 5 4 2 1 4 6 9 13 16 104
1975 18 16 10 5 4 2 1 4 6 9 13 16 104
1976 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
1977 18 16 10 5 4 2 1 3 5 7 10 12 93
1978 14 12 8 4 3 2 1 4 6 9 13 16 92
1979 18 16 10 5 4 2 1 4 6 9 13 16 104
1980 18 16 10 5 4 2 1 4 6 9 13 16 104
1981 18 16 16 5 4 2 1 4 6 9 13 16 104
1982 18 16 16 5 4 2 1 4 6 9 9 16 100
1983 18 16 10 5 4 2 1 4 6 9 12 16 103
1984 18 16 10 5 4 2 1 4 6 9 13 16 104
1985 18 16 10 5 4 2 1 4 6 9 13 16 104 me
1986 18 16 10 5 4 2 1 4 6 9 13 16 104
1987 18 16 10 5 4 2 1 4 6 9 13 16 104
1988 18 16 16 5 4 2 1 4 6 9 13 16 104
1989 18 16 10 5 4 2 1 4 6 9 13 16 104
1990 18 16 16 5 4 2 1 4 6 9 13 16 104 ¯
1991 18 16 10 5 4 2 1 3 5 7 10 11 92

Avg. 18 16 10 5 4 2 1 4 6 9 13 16 102
Prct. 17 15 10 5 4 2 1 4 6 9 12 15 100
Max 18 16 10 5 4 2 1 4 6 9 13 16 104 ¯
Min 14 12 8 4 3 2 1 3 4 6 7 11 81

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 53
C-086153



HCPP Diversions for Refuges
No Projec~No Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 18 16 10 5 4 2 0 0 0 0 1 16 72
1923 18 16 10 5 4 2 0 0 0 0 3 16 74
1924 18 16 10 5 4 2 0 0 ’ 0 0 3 12 70
1925 14 12 8 4 3 2 1 0 0 0 0 16 60
1926 18 16 10 5 4 2 1 0 0 0 0 16 72
1927 18 16 10 5 4 . 2 0 9 0 0 0 16 71
1928 18 16 10 5 4 2 1 0 0 0 0 16 72
1929 18 16 10 5 4 2 0 0 0 0 0 16 71
1930 18 16 10 5 4 2 0 0 0 0 0 16 71
1931 18 16 10 5 4 2 0 2 0 0 3 12 72
1932 14 12 8 4 3 2 0 2 0 0 3 12 60
1933 14 12 8 4 3 2 0 0 0 1 4 12 60
1934 14 12 8 4 3 2 0 0 0 0 3 12 58
1935 14 12 8 4 3 2 1 1 0 0 0 16 61
1936 18 16 10 5 4 2 0 0 0 0 0 16 71
1937 18 16 10 5 4 2 0 0 0 0 0 16 71
1938 18 16 10 5 4 2 1 2 0 0 3 16 77,
1939 18 16 10 5 4 2 0 0 0 0 3 16 74
1940 18 16 10 5 4 2 1 0 0 0 0 16 72
1941 18 16 10 5 4 2 1 2 0 0 0 16 74
1942 18 16 10 5 4 2 1 1 0 0 0 16 73
1943 18 16 10 5 4 2 1 0 0 0 0 16 72
1944 18 16 10 5 4 2 0 0 0 0 0 16 71
1945 18 16 10 5 4 2 0 0 0 0 0 16 71
1946 18 16 10 5 4 2 0 0 0 0 1 16 72
1947 18 16 10 5 4 2 0 0 0 0 0 16 71
1948 18 16 10 5 4 2 1 4 0 0 0 16! 76
1949 18 16 10 5 4 2 0 0 0 0 0 16 71
1950 18 16 10 5 4 2 0 0 0 0 1 16’ 72
1951 18 16 10 5 4 2 0 0 0 0 0 16’ 71
1952 18 16 10 5 4 2 1 0 0 0 1 16 73
1953 18 16 10 5 4 2 0 0 0 0 2 16 73
1954 18 16 10 5 4 2 1 0 0 0 0 16 72
1955 18 16 10 5 4 2 0 0 0 0 2 16 73
1956 18 16 10 5 4 2 0 0 0 0 3 16 74
1957 18 16 10 5 4 2 0 0 0 0 3 16 74
1958 18 16 10 5 4 2 1 2 0 0 0 16 74
1959 18 16 10 5 4 2 0 0 0 0 3 16 74
1960 18 16 10 5 4 2 0 0 0 0 0 16 71
1961 18 16 10 5 4 2 0 0 0 0 1 16 72
1962 18 16 10 5 4 2 0 0 0 0 0 16 71
1963 18 16 10 5 4 2 1 1 0 0 0 16 73
1964 18 16 10 , 5 4 2 0 0 0 0 2 16 73
1965 18 16 10 5 4 2 1 0 0 0 3 16 75
1966 18 16 10 5 4 2 0 0 0 0 2 16 73
1967 18 16 10 5 4 2 1 1 0 0 0 16 73
1968 18 16 10 5 4 2 0 0 0 0 1 16 72
1969 18 16 10 5 4 2 1 0 0 0 2 16 74
1970 18 16 10 5 4 2 0 0 0 0 0 16 71
1971 18 16 10 5 4 2 0 3 0 0 2 16 76
1972 18 16 10 5 4 2 0 0 0 0 3 16 74
1973 18 16 10 5 4 2 0 0 0 0 1 16 72
1974 18 16 10 5 4 2 1 0 0 0 0 16 72
1975 19 16 10 5 4 2 1 0 0 0 1 16 73
1976 18 16 10 5 4 2 0 0 0 0 3 16 74
1977 18 16 10 5 4 2 0 3 0 0 3 12 73
1978 14 12 8 4 3 2 1 0 0 0 3 16 63
1979 18 16 10 5 4 2 0 0 0 0 0 16 71
1980 18 16 10 5 4 2 0 0 0 0 0 16 71
1981 18 16 10 5 4 2 0 0 0 0 0 16 71
"1962 18 16 10 5 4 2 1 1 0 0 3 16 76
1983 18 16 10 5 4 2 1 1 0 0 2 16 75
1984 18 16 10 5 4 2 0 0 0 0 3 16 74
1985 18 16 10 5 4 2 0 0 0 0 3 16 74
1986 18 16 10 5 4 2 0 0 0 0 3 16 74
1987 18 16 10 5 4 2 0 0 0 0 0 16 71
1988 18 16 10 5 4 2 0 0 0 0 0 16 71
1989 18 16 10 5 4 2 0 0 0 0 3 16 74
1990 18 16 10 5 4 2 0 2 0 0 1 16 74
1991 18 16 10 5 4 2 0 0 0 0 3 12 70

Avg. 18 16 10 5 4 2 0 0 0 0 1 16 72
Prct. 25 22 14 7 5 3 0 I 0 0 2 22 100
Max 18 16 10 5 4 2 1 4 0 1 4 16 77
Min 14 12 8 4 3 2 0 0 0 0 0 12 58

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 54
C-086154



Analysis of Average Weekly HCPP Diversion for GCID
1995 Hydrology I
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Analysis of Annual Total HCPP Diversion for
Project and No Project/No Action Alternatives

1995 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Analysis of Annual HCPP Diversion for GCID for
Project and No Project/No Action Alternatives

I1995 Hydrology

70 Year Hydrologic Record Exceedance Probability I
(1922-1991) (1922-1991)
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Analysis of Annual HCPP Diversions for Refuges for
Project and No Project/No Action Alternatives

1995 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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I
Analysis of Average Weekly HCPP Diversion for GCID

2020 Hydrology I

Project - Screen Only                                                 I
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Analysis of Annual Total HCPP Diversion for
Project and No Project/No Action Alternatives

2020 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Analysis of Annual HCPP Diversion for GCID for
Project and No Project/No Action Alternatives

2020 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Analysis of Annual HCPP Diversions for Refuges for
Project and No Project/No Action Alternatives

2020 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Stony Creek Diversion for GCID
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 1 0 0 0 0 0 1 0 4 0 1 0 7
1923 1 0 0 0 0 0 1 0 1 0 0 0 3
1924 1 0 0 0 0 0 1 0 0 0 0 01 2
1925 0 0 0 0 0 0 0 4 9 5 5 01 23
1926 1 0 0 0 0 0 0 0 3 0 0 0 4
1927 0 0 0 0 0 0 0 0 6 2 2 0 10

o1929 0 0 0 0 0 0 1 1 0 0 0 2
1930 0 0 0 0 0 0 0 0 3 0 0 0 3
1931 0 0 0 0 0 0 1 1 0 0 0 01 2
1932 0 0 0 0 0 0 1 0 1 0 0 0! 2
1933 1 0 0 0 0 0 1 1 0 0 0 0 3
1934 0 0 0 0 0 0 1 1 0 0 0 0 2
1935 0 0 0 0 0 0 20 0 7 3 3 0! 33
1936 1 0 0 0 0 0 0 0 2 0 0 0’ 3
1937 1 0 0 0 0 0 0 0 5 1 1 0 8
1938 1 0 0 0 0 0 0 20 11 7 6 0! 45
1939 1 0 0 0 0 0 1 1 0 0 0 0 3
1940 0 0 0 0 0 0 0 0 2 0 0 0 ~ 2
1941 1 0 0 0 0 0 30 0 8 3 4 01 46
1942 1 0 0 0 0 0 28 0 10 5 5 49
1943 1 0 0 0 0 0 0 0 3 0 0 0 4
1944 1 0 0 0 0 0 1 1 0 0 0 0 3
1945 1 0 0 0 0 0 1 0 1 0 0 0i 3
1946 1 0 0 0 0 0 1 1 0 0 0 0! 3

1949 1 0 0 0 0 0 0 0 2 0 0 01 3
1950 1 0 0 0 0 0 1 0 1 0 0 0 3
1951 1 0 0 0 0 0 1 0 2 0 0 0 4
1952 0 0 0 0 0 0 4 0 10 5 5 01 24
1953 1 0 0 0 0 0 0 0 3 0 0 0 4
1954 1 0 0 0 0 0 0 0 5 2 2 0 10
1955 1 0 0 0 0 0 1 1 0 0 0 0 3
1956 0 0 0 0 0 0 1 0 8 4 4 0 17
1957 1 0 0 0 0 0 0 0 5 2 2 0 10
1958 1 0 0 0 0 0 0 11 10 5 5 0 32
1959 1 0 0 0 0 0 1 0 1 0 0 0 3
1960 0 0 0 0 0 0 0 0 4 1 1 0 6
1961 0 0 0 0 0 0 0 0 3 0 1 0 4
1962 0 0 0 0 0 0 1 1 0 0 0 0 2
1963 1 0 0 0 0 0 30 0 5 2 2 0 40
1964 1 0 0 0 0 0 1 1 0 0 0 0 3
1965 0 0 0 0 0 0 25 0 7 3 3 0 38
1966 1 0 0 0 0 0 0 0 4 1 I 0 7
1967 1 0 0 0 0 0 4 14 16 11 9 0 55
1968 1 0 0 0 0 0 1 0 1 0 0 0 3
1969 0 0 0 0 0 0 7 0 10 5 4 0 26
1970 1 0 0 0 0 0 0 0 2 0 0 0 3
1971 0 0 0 0 0 0 0 0 4 1 1 0 6
1972 1 0 0 0 0 0 1 0 1 0 0 0 3
1973 0 0 0 0 0 0 0 0 7- 3 2 0 12
1974 1 0 0 0 0 0 1 0 7 3 2 0 14
1975 1 0 0 0 0 0 0 0 7 4 3 0 15
1976 1 0 0 0 0 0 1 1 0 0 0 0 3
1977 0 0 0 0 0 0 1 0 0 0 0 0 1
1978 0 0 0 0 0 0 0 0 7 2 2 0 11
1979 1 0 0 0 0 0 1 0 1 0 0 0 3
1980 1 0 0 0 0 0 0 0 4 0 1 0 6
1981 1 0 0 0 0 0 1 0 4 0 0 0 6
1982 0 0 0 0 0 0 30 31 12 0 0 0 73
1983 0 0 "0 0 0 0 0 31 29 0 0 0 60
1984 1 0 0 0 0 0 0 1 0 0 1 0 3
1985 0 0 0 0 0 0 1 0 0 0 0 0 1
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 1 1 0 0 0 0 2
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 1 0 0 0 0 0 1
1990 1 0 0 0 0 0 1 0 0 0 0 0 2
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 1 0 0 0 0 0 3 2 4 1 1 0 11
Prct. 5 0 0 0 0 0 26 16 33 10 10 0 100
Max 1 0 0 0 0 0 30 31 29 11 9 0 73
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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Stony Creek Diversion for GCID
Project with GF
1995 Hydrology

1000 Acre Feet
water
year     O~ Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep to~l

1922     1 0 0 0 0 0 1 0 4 0 1 7
1923 ¯ 1 0 0 0 0 0 1 0 1 0 0 3
1924 1 0 0 0 0 0 1 0 0 0 0 2
1925 0 0 0 0 0 0 0 4 9 5 5 23
1926 1 0 0 0 0 0 0 0 3 0 0 4
1927 0 0 0 0 0 0 0 0 6 2 2 10
1928 1 0 0 0 0 0 0 0 5 2 2 10
1929 0 0 0 0 0 0 1 1 0 0 0 2
1930 0 0 0 0 0 0 0 0 3 0 0 3
1931 0 0 0 0 0 0 1 1 0 0 0 2
1932 0 0 0 0 0 0 1 0 1 0 0 2
1933 1 0 0 0 0 0 1 1 0 0 0 3
1934 0 0 0 0 0 0 1 1 0 0 0 2
1935 0 0 0 0 0 0 20 0 7 3 3 33
1936 1 ~0 0 0 0 0 0 0 2 0 0 3
193710000000511 8
1938 1 0 0 0 0 0 0 20 11 7 6 45
1939 1 0 0 0 0 0 1 1 0 0 0 3
1940 0 0 0 0 0 0 0 0 2 0 0 2
1941 1 0 0 0 0 0 30 0 8 3 4 46
1942 1 0 0 0 0 0 28 0 10 5 5 0: 49
1943 1 0 0 0 0 0 0 0 3 0 0 0 4
1944 1 0 0 0 0 0 1 I 0 0 0 0 3
1945 1 0 0 0 0 0 1 0 1 0 0 3
1946 1 0 0 0 0 0 1 1 0 0 0 3
1947 0 0 0 0 0 0 1 1 0 0 0 2
1948 0 0 0 0 0 0 1 1 0 0 0 2
1949 1 0 0 0 0 0 0 0 2 0 0 3
1950 1 0 0 0 0 0 1 0 1 0 0 3
1951 1 0 0 0 0 0 1 0 2 0 0 4
1952 0 0 0 0 0 0 4 0 10 5 5 24
1953 1 0 0 0 0 0 0 0 3 0 0 4
1954 1 0 0 0 0 0 0 0 5 2 2 10
1955 1 0 0 0 0 0 1 1 0 0 0 3
1956 0 0 0 0 0 0 1 0 8 4 4 17
1957 1 0 0 0 0 0 0 0 5 2 2 10
1958 1 0 0 0 0 0 0 11 10 5 5 32
1959 1 0 0 0 0 0 1 0 1 0 0 3
1960 0 0 0 0 0 0 0 0 4 1 1 6
1961 0 0 0 0 0 0 0 0 3 0 1 4
1962 0 0 0 0 0 0 1 1 0 0 0 2
1963 1 0 0 0 0 0 30 0 5 2 2 40
1964 1 0 0 0 0 0 1 1 0 0 0 3
1965 0 0 0 0 0 0 25 0 7 3 3 38
1966 1 0 0 0 0 0 0 0 4 1 1 7
1967 1 0 0 0 0 0 4 14 16 11 9 0 55
1968 1 0 0 0 0 0 1 0 1 0 0 0 3
1969 0 0 0 0 0 0 7 0 10 5 4 0; 26
1970 1 0 0 0 0 0 0 0 2 0 0 0 3
1971 0 0 0 0 0 0 0 0 4 1 1 0 6
1972 1 0 0 0 0 0 1 0 1 0 0 0 3
1973 0 0 0 0 0 0 0 0 7 3 2 0 12
1974 1 0 0 0 0 0 1 0 7 3 2 0 14
1975 1 0 0 0 0 0 0 0 7 4 3 0 15
1976 1 0 0 " 0 0 0 1 1 0 0 0 0 3
1977 0 0 0 0 0 0 1 0 0 0 0 0 1
1978 0 0 0 0 0 0 0 0 7 2 2 0 11
1979 1 0 0 0 0 0 1 0 1 0 0 0 3
1980 1 0 0 0 0 0 0 0 4 0 1 0 6
1981 1 0 0 0 0 0 1 0 4 0 0 0 6
1982 0 0 0 0 0 0 30 31 12 0 0 0 73
1983 0 0 0 0 0 0 0 31 29 0 0 0 60
1984 1 0 0 0 0 0 0 1 0 0 1 0 3
1985 0 0 0 0 0 0 1 0 0 0 0 0 1
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 1 1 0 0 0 0 2
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 1 0 0 0 0 0 1
1990 1 0 0 0 0 0 1 0 0 0 0 0 2
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 1 0 0 0 0 0 3 2 4 1 1 0 11
Pmt. 5 0 0 0 0 0 26 16 33 10 10 0 100
Max 1 0 0 0 0 0 30 31 29 11 9 0 73
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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Stony Creek Diversion for GCID
No Projec~No Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 4 0 0 0 0 0 5 8 4 0 1 1 23
1923 4 0 0 0 0 0 4 4 1 0 0 2 15
1924 1 0 0 0 0 0 1 0 0 0 0 0 2
1925 0 0 0 0 0 0 9 24 9 5 5 0 52
1926 4 0 0 0 0 0 10 6 3 0 0 0 23
1927 0 0 0 0 0 0 12 9 6 2 2 0 31
1928 4 0 0 0 0 0 19 9 5 2 2 0 41
1929 0 0 0 0 0 0 1 2 0 0 0 0 3
1930 0 0 0 0 0 0 7 7 3 0 0 1 18
1931 0 0 0 0 0 0 1 2 0 0 0 0 3
1932 0 0 0 0 0 0 4 5 1 0 0 2 12
1933 3 0 0 0 0 0 1 2 0 0 0 0 6
1934 0 0 0 0 0 0 1 2 0 0 0 0 3
1935 0 0 0 0 0 0 30 10 7 3 3 0 53
1936 4 0 0 0 0 0 8 5 2 0 0 0 19
1937 3 0 0 0 0 0 9 9 5 1 1 1 29
1938 1 0 0 0 0 0 15 31 11 7 6 0 71
1939 3 0 O, 0 0 0 1 2 0 0 0 0 6
1940 0 0 0 0 0 0 9 5 2 0 0 0 16
1941 4 0 0 0 0 0 30 11 8 3 4 0 60
1942 4 0 0 0 0 0 30 16 10 5 5 1 71
1943 5 0 0 0 0 0 10 7 3 0 0 0 25
1944 4 0 0 0 0 0 1 2 0 0 0 0 7
1945 2 0 0 0 0 0 5 5 1 0 0 2 15
1946 5 0 0 0 0 0 4 3 0 0 0 0 12
1947 0 0 0 0 0 0 1 2 0 0 0 0 3
1949 0 0 0 0 0 0 1 2 0 0 0 0 3
1949 1 0 0 0 0 0 7 6 2 0 0 0 16
1950 3 0 0 0 0 0 5 5 1 0 0 2 16
1951 1 0 0 0 0 0 3 5 2 0 0 0 11
1952 0 0 0 0 0 0 30 14 10 5 5 0 64
1953 4 0 0 0 0 0 8 6 3 0 0 0 21
1954 4 0 0 0 0 0 28 9 5 2 2 0 50
1955 3 0 0 0 0 0 2 2 0 0 0 0 7
1956 0 0 0 0 . 0 0 5 1i 8 4 4 1 33
1957 3 0 0 0 0 0 8 10 5 2 2 2 32
1958 8 0 0 0 0 0 19 31 10 5 5 0 78
1959 3 0 0 0 0 0 3 4 1 0 0 0 11
1960 0 0 0 0 0 0 9 9 4 1 1 1 25
1961 0 0 0 0 0 0 7 7 3 0 1 0 18
1962 0 0 0 0 0 0 4 2 0 0 0 0 6
1963 5 0 0 0 0 0 30 8 5 2 2 0 52
1964 4 0 0 0 0 0 1 2 0 0 0 0 7
1965 0 0 0 0 0 0 30 10 7 3 3 0 53
1966 1 0 0 0 0 0 6 7 4 1 1 0 20
1967 1 0 0 0 0 0 30 31 16 11 9 0 96
1968 1 0 0 0 0 0 2 4 1 0 0 0 6
1969 0 0 0 0 0 0 30 15 10 5 4 0 64
1970 4 0 0 0 0 0 8 4 2 0 0 0 18
1971 0 0 0 0 0 0 10 8 4 1 1 0 24
1972 3 0 0 0 0 0 4 5 1 0 0 0 13
1973 0 0 0 0 0 0 13 10 7 3 2 0 35
1974 4 0 0 0 0 0 30 10 7 3 2 0 56
1975 4 0 0 0 0 0 12 12 7 4 3 0 42
1976 3 0 0 0 0 0 1 2 0 0 0 0 6
1977 0 0 0 0 0 0 1 0 0 0 0 0 1
1978 0 0 0 0 0 0 14 10 7 2 2 ~ 35
1979 2 0 0 0 0 0 4 5 1 0 0 1 13
1980 4 0 0 O 0 0 12 8 4 0 1 0 29
1981 1 0 0 0 0 0 2 9 4 0 0 0 16
1982 0 0 0 0 0 0 30 31 12 0 0 0 73
1983 0 0 ’0 0 0 0 25 31 29 0 0 7 92
1984 2 0 0 0 0 0 12 2 0 0 1 1 18
1985 0 0 0 0 0 0 2 4 0 0 0 0 6
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 1 1 0 0 0 2
1988 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 1 4 0 0 0 5
1990 2 0 0 0 0 0 1 0 0 0 0 3
1991 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 2 0 0 0 0 0 10 8 4 1 1 0 26
Prct. 7 0 0 0 0 0 38 30 15 5 4 1 100
Max 8 0 0 0 0 0 30 31 29 11 9 7 98
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT - SUBJECT TO REVISION November 1~ 1996
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Stony Creek Diversion for GCID
Project with GF
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 1 0 0 0 0 0 1 0 4 0 1 0 7
1923 1 0 0 0 0 0 1 0 1 0 0 0 3
1924 1 0 0 0 0 0 1 0 0 0 0 C 2
1925 0 0 0 0 0 0 0 4 9 5 5 C 23
1926 1 0 0 0 0 0 0 0 3 0 0 0 4
1927 0 0 0 0 0 0 0 0 6 2 2 0 10
1928 1 0 0 0 0 0 0 0 5 2 2 ~ 10
1929 0 0 0 0 0 0 1 1 0 0 0 0 2
1930 0 0 0 0 0 0 0 0 3 0 0 ~ 3
1931 0 0 0 0 0 0 1 1 0 0 0 0 2
1932 0 0 0 0 0 0 1 0 1 0 0 0 2
1933 1 0 0 0 0 0 1 1 0 0 0 0 3
1934 0 0 0 0 0 0 1 1 0 0 0 0 2
1935 0 0 0 0 0 0 20 0 7 3 3 0 33
1936 1 ~ 0 0 0 0 0 0 2 0 0 0 3
1937 1 0 0 0 0 0 0 0 5 1 1 0 8
1938 1 0 0 0 0 0 0 20 11 7 6 0 45
1939 1 0 0 0 0 0 1 1 0 0 0 0 3
1940 0 0 0 0 0 0 0 0 2 0 0 0 2
1941 1 0 0 0 0 0 28 0 8 3 4 0 44
1942 1 0 0 0 0 0 28 0 10 5 5 0 " 49
1943 1 0 0 0 0 0 0 0 3 0 0 0 4
1944 1 0 0 0 0 0 1 1 0 0 0 0 3
1945 1 0 0 0 0 0 1 0 1 0 0 0 3
1946 1 0 0 0 0 0 1 1 0 0 0 0 3
1947 0 0 0 0 0 0 1 1 0 0 0 0 2
1948 0 0 0 0 0 0 1 1 0 0 0 0 2
1949 1 0 0 0 0 0 0 0 2 0 0 0 3
1950 1 0 0 0 0 0 1 0 1 0 0 0 3
1951 1 0 0 0 0 0 1 0 2 0 0 0 4
1952 0 0 0 0 0 0 4 0 10 5 5 0 24
1953 1 0 0 0 0 0 0 0 3 0 0 0 4
1954 1 0 0 0 0 0 0 0 5 2 2 0 10
1955 1 0 0 0 0 0 1 1 0 0 0 0 3
1956 0 0 0 0 0 0 1 "0 8 4 4 0 17
1957 1 0 0 0 0 0 0 0 5 2 2 0 10
1958 1 0 0 0 0 0 0 11’ 10 5 5 0 32
1959 1 0 0 0 0 0 1 0 1 0 0 0 3
1960 0 0 0 0 0 0 0 0 4 1 1 0 6
1961 0 0 0 0 0 0 0 0 3 0 1 0 4
1962 0 0 0 0 0 0 1 1 0 0 0 0 2
1963 1 0 0 0 0 0 27 0 5 2 2 0 37
1964 1 0 0 0 0 0 1 1 0 0 0 0 3
1965 0 0 0 0 0 0 25 0 7 3 3 0 38
1966 1 0 0 0 0 0 0 0 4 1 1 0 7
1967 1 0 0 0 0 0 4 14 16 11 9 0 55
1968 1 0 0 0 0 0 1 0 1 0 0 0 3
1969 0 0 0 0 6 0 7 0 10 5 4 0 26
1970 1 0 0 0 0 0 0 0 2 0 0 0 3
1971 0 0 0 0 0 0 0 0 4 1 1 0 6
1972 1 0 0 0 0 0 1 0 1 0 0 0 3
1973 0 0 0 0 0 0 0 0 7 3 2 0 12
1974 1 0 0 0 0 0 1 0 7 3 2 0 14
1975 1 0 0 0 0 0 0 0 7 4 3 0 15
1976 1 0 0 0 0 0 1 1 0 0 0 0 3
1977 0 0 0 0 0 0 1 0 0 0 0 0 1
1978 0 0 0 0 0 0 0 0 7 2 2 0 11
1979 1 0 0 0 0 0 1 0 1 0 0 0 3
1980 1 0 0 0 0 0 0 0 4 0 1 0 6
1981 1 0 0 0 0 0 1 0 4 0 0 0 6
1982 0 0 0 0 0 0 30 31 12 0 0 0 73
1983 0 0 ’ 0 0 0 0 0 31 29 0 0 0 60
1984 1 0 0 0 0 0 0 1 0 0 1 0 3
1985 0 0 0 0 0 0 1 0 0 0 0 0 1
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 1 1 0 0 0 0 2
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 1 0 0 0 0 0 1
1990 1 0 0 0 0 0 1 0 0 0 0 0 2
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 1 0 0 0 0 0 3 2 4 1 1 0 11
Prct. 5 0 0 0 0 0 26 16 33 10 10 0 100
Max 1 0 0 0 0 0 30 31 29 11 9 0 73
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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Stony Creek Diversion for GCID
No ProjecUNo Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 4 0 0 0 0 0 5 8 4 0 1 23
1923 4 0 0 0 0 0 4 4 1 0 0 15
1924 1 0 0 0 0 0 1 0 0 0 0 2
1925 0 0 0 0 0 0 9 24 9 5 5 52
1926 4 0 0 0 0 0 10 6 3 0 0 23
1927 0 0 0 0 0 0 12 9 6 2 2 31
1928 4 0 0 0 0 0 19 9 5 2 2 41
1929 0 0 0 0 0 0 1 2 0 0 0 3
1930 0 0 0 0 0 0 7 7 3 0 0 18
1931 0 0 0 0 0 0 1 2 0 0 0 3
1932 0 0 0 0 0 0 4 5 1 0 0 12
1933 3 0 0 0 0 0 1 2 0, 0 0 6
1934 0 0 0 0 0 0 1 2 0 0 0 3
1935 0 0 0 0 0 0 30 10 7 3 3 53
1936 4 0 0 0 0 0 8 5 2 0 0 19
1937 3 0 0 0 0 0 9 9 5 I 1 29
1938 1 0 0 0 0 0 15 31 11 7 6 71
1939 3 0 0 0 0 0 1 2 0 0 0 6
1940 0 0 0 0 0 0 9 5 2 0 0 16
1941 4 0 0 0 0 0 29 11 8 3 4 59
1942 4 0 0 0 0 0 30 16 10 5 5 71
1943 5 0 0 0 0 0 10 7 3 0 0 25
1944 4 0 0 0 0 0 1 2 0 0 0 7
1945 2 0 0 0 0 0 6 5 I 0 0 15
1946 5 0 0 0 0 0 4 3 0 0 0 12
1947 0 0 0 0 0 0 1 2 0 0 0 3
1948 0 0 0 0 0 0 1 2 0 0 0 3
1949 1 0 0 0 0 0 7 6 2 0 0 16
1950 3 0 0 0 0 0 5 5 1 0 0 16
1951 1 0 0 0 0 0 3 5 2 0 0 11
1952 0 0 0 0 0 0 30 14 10 5 5 64
1953 4 0 0 0 0 0 8 6 3 0 0 21
1954 4 0 0 0 0 0 29 9 5 2 2 50
1955 3 0 0 0 0 0 2 2 0 0 0 7
1956 0 0 0 0 0 0 5 11 8 4 4 33
1957 3 0 0 0 0 0 8 10 5 2 2 32
1958 8 0 0 0 0 0 19 31 10 5 5 78
1959 3 0 0 0 0 0 3 4 1 0 0 11
1960 0 0 0 0 0 0 9 9 4 1 1 25
1961 0 0 0 0 0 0 7 7 3 0 1 18
1962 0 0 0 0 0 0 4 2 0 0 0 6
1963 5 0 0 0 0 0 28 8 5 2 2 50
1964 4 0 0 0 0 0 1 2 0 0 0 7
1965 0 0 0 0 0 0 30 10 7 3 3 53
1966 1 0 0 0 0 0 6 7 4 1 1 20
1967 1 0 0 0 0 0 24 31 16 11 9 92
1968 1 0 0 0 0 0 2 4 1 0 0 8
1969 0 0 0 0 0 0 30 15 10 5 4 64
1970’ 4 0 0 0 0 0 8 4 2 0 0 18
1971 0 0 0 0 0 0 10 8 4 1 1 24
1972 3 0 0 0 0 0 4 5 1 0 0 13
1973 0 0 0 0 0 0 13 10 7 3 2 35
1974 4 0 0 0 0 0 30 10 7 3 2 56
1975 4 0 0 0 0 0 12 12 7 4 3 42
1976 3 0 0 0 0 0 1 2 0 0 0 6
1977 0 0 0 0 0 0 1 0 0 0 0 01 1
1978 0 0 0 0 0 0 14 10 7 2 2 0= 35
1979 2 0 0 0 0 0 4 5 1 0 0 1 13
1980 4 0 0 0 0 0 12 8 4 0 1 0 29
1981 1 0 0 0 0 0 2 9 4 0 0 0 16
1982 0 0 0 0 0 0 30 31 12 0 0 0 73
1983 0 0 ’0 0 0 0 25 31 29 0 0 7 92
1984 2 0 0 0 0 0 12 2 0 0 1 1 18
1985 0 0 0 0 0 0 2 4 0 0 0 0 6
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 1 1 0 0 0 0 2
1988 0 0 0 0 9 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 1 4 0 0 0 0 5
1990 2 0 0 0 0 0 1 0 0 0 0 0 3
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 2 0 0 0 0 0 10 8 4 1 1 0 26
Prct. 7 0 0 0 0 0 37 30 15 5 4 1 100
Max 8 0 0’ 0 0 0 30 31 29 11 9 7 92
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT - SUBJECT TO REVISION November 1~ 1996
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I
Analysis of Average Weekly Stony Creek Diversion for GCID

1995 Hydrology i
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Analysis of Annual Stony Creek Diversions for GCID for
Project and No Project/No Action Alternatives

1995 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Analysis of Average Weekly Stony Creek Diversion for GCID
2020 Hydrology
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Analysis of Annual Stony Creek Diversions for GCID for
I Project and No Project/No Action Alternatives

2020 Hydrology

I 70 Year Hydrologic Record Exceedance Probability
(1922-1991)       (1922-1991)
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GCID Drain Recapture
Existing Conditions
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 2 0 0 0 0 0 4 21 22 34 34 9 126
1923 2 0 0 0 0 0 4 21 22 34 34 9 126
1924 2 0 0 0 0 0 4 21 22 34 34 9 126
1925 2 0 0 0 0 0 2 21 22 34 34 9 124
1926 2 0 0 0 0 0 2 22 22 34 34 9 125
1927 2 0 0 0 0 0 4 21 22 34 34 9 126
1928 2 0 0 0 0 0 2 22 22 34 34 9 125
1929 2 0 0 0 0 0 5 23 22 34 34 9 129
1930 2 0 0 0 0 0 4 22 22 34 34 9 127
1931 2 0 0 0 0 0 4 21 22 34 34 9 126
1932 2 0 0 0 0 0 4 21 22 34 34 9 126
1933 2 0 0 0 0 0 4 21 22 34 34 9 126
1934 2 0 0 0 0 0 4 21 22 34 34 9 126
1935 2 0 0 0 0 0 2 22 22 34 34 9 125
1936 2 0 0 0 0 0 4 22 22 34 34 9 127
1937. 2 0 0 0 0 0 4 22 22 34 34 9 127
1938 2 0 0 0 0 0 2 21 22 34 34 9 124
1939 2 0 0 0 0 0 5 22 22 34 34 9 128
1940 2 0 0 0 0 0 2 21 22 34 34 9 124
1941 2 0 0 0 0 0 2 21 22 34 34 9 124
1942 2 0 0 0 0 0 2 21 22 34 34 9 124
1943 2 0 0 0 0 0 2 21 22 34 34 9 124
1944 2 0 0 0 0 0 5 21 22 34 34 9 127
1945 2 0 0 0 0 0 4 21 22 34 34 9 126
1946 2 0 0 0 0 0 5 22 22 34 34 9 128
1947 2 0 0 0 0 0 5 22 22 34 34 9 128
1948 2 0 0 0 0 0 2 21 22 34 34 9 124
1949 2 0 0 0 0 0 4 21 22 34 34 9 126
1950 2 0 0 0 0 0 5 23 22 34 34 9 129
1951 2 0 0 0 0 0 5 21 22 34 34 9 . 127
1952 2 0 0 0 0 0 2 21 22 34 34 9 124
1953 2 0 0 0 0 0 4 21 22 34 34 9 126
1954 2 0 0 0 0 0 2 21 22 34 34 9 124
1955 2 0 0 0 0 0 4 23 22 34 34 9 128
1956 2 0 0 0 0 0 4 21 22 34 34 9 126
1957 2 0 0 0 0 0 4 21 22 34 34 9 126
1958 2 0 0 0 0 0 2 21 22 34 34 9 124
1959 2 0 0 0 0 0 5 23 22 34 34 8 128
1960 2 0 0 0 0 0 5 21 22 34 34 9 127
1961 2 0 0 0 0 0 4 22 22 34 34 9 127
1962 2 0 0 0 0 0 5 23 22 34 34 9 129
1963 2 0 0 0 0 0 1 21 22 34 34 9 123
1964 2 0 0 0 0 0 5 23 22 34 34 9 129
1965 2 0 0 0 0 0 2 22 22 34 34 9 125
1966 2 0 0 0 0 0 5 22 22 34 34 9 128
1967 2 0 0 0 0 0 2 21 22 34 34 9 124
1968 2 0 0 0 0 0 5 23 22 34 .34 9 129
1969 2 0 0 0 0 0 2 21 22 34 34 9 124
1970 2 0 0 0 0 0 5 23 22 34 34 9 129
1971 2 0 0 0 0 0 5 21 22 34 34 9 127
1972 2 0 0 0 0 0 5 22 22 34 34 9 128
1973 2 9 0 0 0 0 4 22 22 34 34 9 127
1974 2 9 0 0 0 0 2 21 22 34 34 9 124
1975 2 0 0 0 0 0 3 21 22 34 34 9 125
1976 2 0 0 0 0 0 5 23 22 34 34 9 129
1977 2 0 0 0 0 0 5 21 22 34 34 9 127
1978 2 0 0 0 0 0 2 21 22 34 34 9 124
1979 2 0 0 0 0 0 4 21 22 34 34 9 126
1980 2 0 0 0 0 0 4 21 22 34 34 9 126
1981 2 0 0 0 0 0 4 22 22 34 34 9 127
1982 2 0 0 0 0 0 2 21 22 34 34 9 124
1983 2 0 ’ 0 0 0 0 2 21 22 34 34 9 124
1984 2 0 0 0 0 0 5 22 22 34 34 9 128
1985 2 0 0 0 0 0 5 23 22 34 34 9 129
1986 2 0 0 0 0 0 4 22 22 34 34 9 127
1987 2 0 0 0 0 0 4 21 22 34 34 9 126
1988 2 0 0 0 0 0 5 21 22 34 34 9 127
1989 2 0 0 0 0 0 4 23 22 34 34 9 128
1990 2 0 0 0 0 0 5 21 22 34 34 9 127
1991 2 0 0 0 0 0 2 21 22 34 34 9 124

Avg. 2 0 0 0 0 0 4 22 22 34 34 9 126
Prct. 2 0 0 0 0 0 3 17 17 27 27 7 100
Max 2 0 0 0 0 0 5 23 22 34 34 9 129
Min 2 0 0 0 0 0 1 21 22 34 34 8 123

DRAFT- SUBJECT TO REVISION November 1~ 1996
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GCID Drain Recapture
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul. Aug Sep total

1922 2 0 0 0 0 0 2 21 22 34 34 9 124
1923 2 0 0 0 0 0 2 21 22 34 34 9 124
1924 2 0 0 0 0 0 5 23 22 34 34 9 129
1925 2 0 0 0 0 0 2 21 22 34 34 9 124
1926 2 0 0 0 0 0 2 21 22 34 34 9 124
1927 2 0 0 0 0 0 2 21 22 34 34 9 124
1928 2 0 0 0 0 0 2 21 22 34 34 9 124
1929 2 0 0 0 0 0 2 21 22 34 34 9 124
1930 2 0 0 0 0 0 2 21 22 34 34 9 124
1931 2 0 0 0 0 0 2 21 22 34 34 91 124
1932 2 0 0 0 0 0 2 21 22 34 34 9 124
1933 2 0 0 0 0 0 2 21 22= 34 34 9 124
1934 2 0 0 0 0 0 2 21 22 34 34 124
1935 2 0 0 0 0 0 2 21 22 34 34 9 124
1936 2 0 0 0 0 0 2 21 22 34 34 9 124
1937 2 0 0 0 0 0 2 21 22 34 34 9 124
1938 2 0 0 0 0 0 2 21 22 34 34 91 124
1939 2 0 0 0 0 0 3 21 22 34 34 9! 125
1940 2 0 0 0 0 0 2 21 22 34 34 91 124
1941 2 0 0 0 0 0 2 21 22 34 34 9 124
1942 2 0 0 0 0 6 2 21223434 ,I 124
1944 2 0 0 0 0 0 2 21 22 34 34 9 124
1945 2 0 0 0 0 0 2 21 22 34 34 9 124
1946 2 0 0 0 0 0 3 21 22 34 34 9 125
1947 2 0 0 0 0 0 2 21 22 34 34

~       i
124

1948 2 0 0 0 0 0 2 21 22 34 34 124
1949 2 0 0 0 O 0 2 21 22 34 34 1249I1950 2 0 0 0 0 0 2 21 22 34 34 91 124
1951 2 0 0 0 0 0 3 21 22 34 34 9! . 125
1952 2 0 0 0 0 0 2 21 22 34 34 9! 124
1953 2 0 0 0 0 0 2 21 22 34 34 124
1954 2 0 0 0 0 0 2 21 22 34 34 124
1955 2 0 0 0 0 0 2 21 22 34 34 124
1956 2 0 0 0 0 0 2 21 22 ’ 34 34 i 124
1957 2 0 0 0 0 0 2 21 22 34 34 124
1958 2 0 0 0 0 0 2 21 22 34 34 124
1959 2 0 0 0 0 0 3 21 22 34 34 124
1960 2 0 0 0 0 0 2 21 22 34 34 124
1961 2 0 0 0 0 0 2 21 22 34 34 124
1962 2 0 0 0 0 0 2 21 22 34 34 124
1963 2 0 0 0 0 0 1 21 22 34 34 123
1964 2 0 0 0 0 0 3 21 22 34 34 125
1965 2 0 0 0 0 0 2 21 22 34 34 124
1966 2 0 0 0 0 0 2 21 22 34 34 124
1967 2 0 0 0 0 0 2 21 22 34 34 124
1968 2 0 0 0 0 0 2 21 22 34 34 124
1969 2 0 0 0 0 0 2 21 22 34 34 124
1970 2 0 0 0 0 0 2 21 22 34 34 124
1971 2 0 0 0 0 0 3 21 22 34 34 125
1972 2 0 0 0 0 0 2 21 22 34 34 124
1973 2 0 0 0 0 0 2 21 22 34 34 124
1974 2 0 0 0 0 0 2 21 22 34 34 124
1975 2 0 0 0 0 0 2 21 22 34 34 124
1976 2 0 0 0 0 0 2 21 22 34 34 124
1977 2 0 0 0 0 0 2 21 22 34 34 124
1978 2 0 0 0 0 0 2 21 22 34 34 124
1979 2 0 0 0 0 0 2 21 22 34 34 124
1980 2 0 0 0 0 0 2 21 22 34 34 124
1981 2 0 0 0 0 0 2 21 22 34 34 124
1982 2 0 0 6 0 0 2 21 22 34 34 124
1983 2 0 "0 0 0 0 2 21 22 34 34 124
1984 2 0 0 0 0 0 2 21 22 34 34 9 124
1985 2 0 0 6 0 0 2 21 22 34 34

~
124

1986 2 0 0 0 0 0 2 21 22 34 34 124
1987 2 0 0 0 0 0 2 21 22 34 34 91 124
1988 2 0 0 0 0 0 2 21 22 34 34 9~ 124
1989 2 0 0 0 0 0 2 21 22 34 34 9: 124
1990 2 0 0 0 0 0 3 21 22 34 34 9 125
1991 2 0 0 0 0 0 2 21 22 34 34 9 124

Avg. 2 0 0 0 0 0 2 21 22 34 34 9 124
Prct. 2 0 0 0 0 0 2 17 18 27 27 7 100
Max 2 0 0 0 0 0 5 23 22 34 34 9 129
Min 2 0 0 0 0 0 1 21 22 34 34 8 123

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 77



GCID Drain Recapture
Project with GF
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 2 0 0 0 0 0 2 21 22 34 34 9 124
1923 2 0 0 0 0 0 2 21 22 34 34 9 124
1924 2 0 0 0 0 0 2 21 22 34 34 9 124
1925 2 0 9 0 0 0 2 21 22 34 34 9 124
1926 2 0 0 0 0 0 2 21 22 34 34 9 124
1927 2 0 0 0 0 0 2 21 22 34 34 9 124
1928 2 0 0 0 0 0 2 21 22 34 34 9 124
1929 2 0 0 0 0 0 2 21 22 34 34 9 124
1930 2 0 0 0 0 0 2 21 22 34 34 9 124
1931 2 0 0 0 0 0 2 21 22 34 34 9 124
1932 2 0 0 0 0 0 2 21 22 34 34 9 124
1933 2 0 0 0 0 0 2 21 22 34 34 9 124
1934 2 0 0 0 0 0 2 21 22 34 34 9 124
1935 2 0 0 0 0 0 2 21 22 34 34 9i 124
1936 2 0 0 0 0 0 2 21 22 34 34 91 124
1937 2 0 0 0 0 0 2 21 22 34 34 9 124
1938 2 0 0 0 0 0 2 21 22 34 34 9 124
1939 2 0 0 0 0 0 2 21 22 34 34 9 124
1940 2 0 0 0 0 0 2 21 22 34 34 9 124
1941 2 0 0 0 0 0 2 21 22 34 34 91 124
1942 2 0 0 0 0 0 2 21 22 34 34 9! 124
1943 2 0 0 0 0 0 2 21 22 34 34 9 124
1944 2 0 0 0 0 0 2 21 22 34 34 9 124
1945 2 0 0 0 0 0 2 21 22 34 34 9 124
1946 2 0 0 0 0 0 2 21 22 34 34 9 124
1947 2 0 0 0 0 0 2 21 22 34 34 9 124
1946 2 0 0 0 0 0 2 21 22 34 34 9 124
1949 2 0 0 0 0 0 2 21 22 34 34 9 124
1950 2 0 0 0 0 0 2 21 22 34 34 9 124
1951 2 0 0 0 0 0 2 21 22 34 34 9 124
1952 2 0 0 0 0 0 2 21 22 34 34 9 124
1953 2 0 0 0 0 0 2 21 22 34 34 9 124
1954 2 0 0 0 0 0 2 21 22 34 34 9 124
1955 2 0 0 0 0 0 2 21 22 34 34 9 124
1956 2 0 0 0 0 0 2 21 22 34 34 9 124
1957 2 0 0 0 0 0 2 21 22 34 34 9 124
1958 2 0 0 0 ,0 0 2 21 22 34 34 9 124
1959 2 0 0 0 0 6 2 21 22 34 34 8 123
1960 2 0 0 0 0 0 2 21 22 34 34 9 124
1961 2 0 0 0 0 0 2 21 22 34 34 9 124
1962 2 0 0 0 0 0 2 21 22 34 34 9 124
1963 2 0 0 0 0 0 1 21 22 34 34 9 123
1964 2 0 0 0 0 0 3 21 22 34 34 9 125
1965 2 0 0 0 0 0 2 21 22 34 34 9 124
1966 2 0 0 0 0 0 2 21 22 34 34 9 124
1967 2 0 0 0 0 0 2 21 22 34 34 9 124
1968 2 0 0 0 0 0 2 21 22 34 34 9 124
1969 2 0 0 0 0 0 2 21 22 34 34 9 124
1970 2 0 0 0 0 0 2 21 22 34 34 9 124
1971 2 0 0 0 0 0 3 21 22 34 34 9 125
1972 2 0 0 0 0 0 2 21 22 34 34 9 124
1973 2 0 0 0 0 0 2 21 22 34 34 9 124
1974 2 0 0 0 0 0 2 21 22 34 34 9 124
1975 2 0 0 0 0 0 2 21 22 34 34 9 124
1976 2 6 0 0 0 0 2 21 22 34 34 9 124
1977 2 0 0 0 0 0 2 21 22 34 34 9 124
1978 2 0 0 0 0 0 2 21 22 34 34 9 124
1979 2 0 0 0 0 0 2 21 22 34 34 9 124
1980 2 0 0 0 0 0 2 21 22 34 34 9 124
1981 2 0 0 0 0 0 2 21 22 34 34 9 124
1982 2 0 0 0 0 0 2 21 22 34 34 9 124
1983 2 0 ’ 0 0 0 0 2 21 22 34 34 9 124
1984 2 0 0 0 0 0 2 21 22 34 34 9 124
1985 2 0 0 0 0 0 2 21 22 34 34 9 124
1986 2 0 0 0 0 0 2 21 22 34 34 9 124
1987 2 0 0 0 0 0 2 21 22 34 34 9 124
1988 2 0 0 0 0 0 2 21 22 34 34 9 124
1989 2 0 0 0 0 0 2 21 22 34 34 9 124
1990 2 0 0 0 0 0 3 21 22 34 34 9 125
1991 2 0 0 0 0 0 2 21 22 34 34 9 124

Avg. 2 0 0 0 0 0 2 21 22 34 34 9 124
Prct. 2 0 0 0 0 0 2 17 18 27 27 7 100
Max 2 0 0 0 0 0 3 21 22 34 34 9 125
Min 2 0 0 0 0 0 1 21 22 34 34 8 123

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 78
C-086178



GCID Drain Recapture
No Projec~No Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 2 0 0 0 0 0 8 26 22 38 40 9 145
1923 2 0 0 0 0 0 8 26 22 44 40 7 149
1924 2 0 0 0 0 0 8 26 ~22 34 34 9 135
1925 2 0 0 0 0 0 6 21 27 41 40 9 146
1926 2 0 0 0 0 0 2 26 26 44 41 9 150
1927 2 0 0 0 0 0 8 26 22 38 40 9 145
1928 2 0 0 0 0 0 4 26 22 41 40 9 144
1929 2 0 0 0 0 0 8 26 22 38 40 9 145
1930 2 0 0 0 0 0 8 26 24 44 40 9 153
1931 2 0 0 0 0 0 8 22 22 34 34 9 131
1932 2 0 0 0 0 0 8 23 22 34 34 9 132
1933 2 0 0 0 0 0 8 24 22 34 34 9 133
1934 2 0 0 0 9 0 8 26 22 34 34 9 135
1935 2 0 0 0 0 0 2 23 31 44 41 9 152
1936 2 0 0 0 0 0 8 26 22 41 40 9 148
1937 2 0 0 0 0 0 8 26 22 41 40 9 148
1938 2 0 0 0 0 0 2 21 23 38 40 9 135
1939 2 0 0 0 0 0 8 26 22 36 40 9 143
1940 2 0 0 0 0 0 6 26 29 41 41 9 154
1941 2 0 0 0 0 0 2 21 31 44 42 9 151
1942 2 0 0 0 0 0 2 22 29 41 40 9 145
1943 2 0 0 0 0 0 6 26 22 44 40 9 149
1944 2 0 0 0 0 0 8 26 22 41 40 9 148
1945 2 0 0 0 0 0 8 26 22 41 41 9 149
1946 2 0 0 0 0 0 8 26 22 39 40 9 146
1947 2 0 0 0 0 0 8 26 22 41 40 9 148
1948 2 0 0 0 0 0 2 21 28 44 43 9 149
1949 2 0 0’ 0 0 0 8 26 23 41 40 9 149
1950 2 0 0 0 0 0 8 26 22 41 40 9 148
1951 2 0 0 0 0 0 8 26 23 38 40 9 . 146
1952 2 0 0 0 0 0 2 25 22 35 40 9 135
1953 2 0 0 0 0 0 8 26 22 38 40 9 145
1954 2 0 0 0 0 0 2 26 23 44 40 9! 146
1955 2 0 0 0 0 0 8 26 22 44 40 9 151
1956 2 0 0 0 0 0 8 23 22 34 40 ~ 138
1957 2 0 0 0 0 0 8 26 25 41 40 8 150
1958 1 0 0 0 0 0 2 21 25 38 40 ~ 136
1959 2 0 0 0 0 0 8 26 22 41 40 8 147
1960 2 0 0 0 0 0 8 26 22 38 40 9 145
1961 2 0 0 0 0 0 8 26 22 39 40 9 146
1962 2

~
0 0 0 0 0 8 26 22 41 40 ~ 148

1963 2 0 0 0 0 0 2 23 31 44 41 9 152
1964 2 0 0 0 0 0 8 26 22 38 40 9 145
1965 2 0 0 0 0 0 2 26 22 43 40 ~ 144
1966 2 0 0 0 0 0 8 26 22 34 40 9 141
1967 2 0 0 0 0 0 1 23 22 38 41 9 136
1968 2 0 0 0 0 0 8 26 22 41 40 ~ 148
1969 2 0 0 0 0 0 4 25 22 34 40 9 136
1970 2 0 0 0 0 0 8 26 22 38 40 9 145
1971 2 0 0 0 0 0 8 23 22 34 38 ~ 136
1972 2 0 0 0 0 0 8 26 22 36 40 9 143
1973 2 0 0 0 0 0 8 26 22 41 40 9 148
1974 2 0 0 0 0 0 2 26 22 41 40 9 142
1976 2 0 0 0 0 0 6 25 22 38 40 9 142
1976 2 0 0 0 0 0 8 26 22 34 40 9 141
1977 2 0 0 0 0 0 8 22 22 34 34 9 131
1978 2 0 0 0 0 0 2 24 29 44 40 9 150
1979 2 0 0 0 0 0 826 22 44 40 9151
1980 2 0 0 0 0 0 826 22 41 40 91 148
1981 2 0 0 0 0 0 8 26 27 44 40 9     156
1982 2 0 0 0 0 0 2 23 22 44 40 91 142
1983 2 0 ’0 0 0 0 2 22 22 39 40 9i 136
1984 2 0 0 0 0 0 8 26 22 40 40 9i 147

1987 2 0 0 0 0 0 8 26 22 37 40 9! 144
1988 2 0 0 0 0 0 8 26 22 36 40 9 143
1989 2 0 0 0 0 0 8 26 22 44 40 9! 151
1990 2 0 0 0 0 0 8 23 22 36 40 9 140
1991 2 0 0 0 0 0 6 26 22 34 34 9 133

Avg. 2 0 0 0 0 0 6 25 23 40 40 9 144
Prct. 1 0 0 0 0 0 4 17 16 27 27 6 100
Max 2 0 0 0 0 0 8 26 31 44 43 9 156
Min 1 0 0 0 0 0 1 21 22 34 34 7 131

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 79
C-086179



GCID Drain Recapture
Project - Screen Only
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May ¯ Jun Jul Aug Sep total

1922 2 0 0 0 0 0 2 21 22 34 34 9 124
1923 2 0 0 0 0 0 2 21 22 34 34 8 123
1924 2 0 0 0 0 0 2 21 22 34 34 9 124
1925 2 0 0 0 0 0 2 21 22 34 34 9 124
1926 2 0 0 0 0 0 2 21 22 34 34 9 124
1927 2 0 0 0 0 0 2 21 22 34 34 9 124
1928 2 0 0 0 0 0 2 21 22 34 34 9 124
1929 2 0 0 0 0 0 2 21 22 34 34 9 124
1930 2 0 0 0 0 0 2 21 22 34 34 9 124
1931 2 0 0 0 0 0 2 21 22 34 34 9 124
1932 2 0 0 0 0 0 2 21 22 34 34 9 124
1933 2 0 0 0 0 0 2 21 22 34 34 9 124
1934 2 0 0 0 0 0 2 21 22 =34 34 9 124
1935 2 0 0 0 0 0 2 21 22 34 34 9 124
1936 2 o0 0 0 0 0 2 21 22 34 34 9 124
1937 2 0 0 0 0 0 2 21 22 34 34 9 124
1938 2 0 0 0 0 0 2 21 22 34 34 9 124
1939 2 0 0 0 0 0 2 21 22 34 34 9 124
1940 2 0 0 0 0 0 2 21 22 34 34 9 124
1941 2 0 0 0 0 0 1 21 22 34 34 9 123
1942 2 0 0 0 0 0 2 21 22 34 34 9 ¯ 124
1943 2 0 0 0 0 0 2 21 22 34 34 9 124
1944 2 0 0 0 0 0 2 21 22 34 34 9 124
1945 2 0 0 0 0 0 2 21 22 34 34 9 124
1946 2 0 0 0 0 0 3 21 22 34 34 9 125
1947 2 0 0 0 0 0 2 21 22 34 34 9 124
1948 2 0 0 0 0 0 2 21 22 34 34 9 124
1949 2 0 0 0 0 0 2 21 22 34 34 9 124
1950 2 0 0 0 0 0 2 21 22 34 34 9 124
1951 2 0 0 0 0 0 3 21 22 34 34 9 125
1952 2 0 0 0~ 0 0 2 21 22 34 34 9 124
1953 2 0 0 0 0 0 2 21 22 34 34 9 124
1954 2 0 0 0 0 0 2 21 22 34 34 9 124
1955 2 0 0 0 0 0 2~ 21 22 34 34 9 124
1956 2 0 0 0 0 ~ 2 21 22 34 34 9 124
1957 2 0 0 0 0 0 2 21 22 34 34 8 123
1958 2 0 0 0 0 0 2 21 22 34 34 9 124
1959 2 0 0 0 0 0 2 21 22 34 34 8 123
1960 2 0 0 0 0 0 2 21 22 34 34 9 124
1961 2 0 0 0 0 0 2 21 22 34 34 9 124
1962 2 0 0 0 0 0 2 21 22 34 34 9 124
1963 2 0 0 0 0 0 1 21 22 34 34 9 123
1964 2 0 0 0 0 0 2 21 22 34 34 9 124
1965 2 0 0 0 0 0 2 21 22 34 34 9 124
1966 2 0 0 0 0 0 2 21 22 34 34 9 124
1967 2 0 0 0 0 0 2 21 22 34 34 9 124
1968 2 0 0 0 0 0 2 21 22 34 34 9 124
1969 2 0 0 0 0 0 2 21 22 34 34 9 124
1970 2 0 0 0 0 0 2 21 22 34 34 9 124
1971 2 0 0 0 0 0 2 21 22 34 34 9 124
1972 2 0 0 0 0 0 2 21 22 34 34 9 124
1973 2 0 0 0 0 0 2 21 22 34 34 9 124
1974 2 0 0 0 0 0 2 21 22 34 34 9 124
1975 2 0 0 0 0 0 2 21 22 34 34 9 124
1976 2 0 0 0 0 0 2 21 22 34 34 9 124
1977 2 0 0 0 0 0 2 21 22 34 34 9 124
1978 2 0 0 0 0 0 2 21 22 34 34 9 124
1979 2 0 0 0 0 0 2 21 22 34 34 9 124
1980 2 0 0 0 0 0 2 21 22 34 34 9! 124
1981 2 0 0 0 0 0 2 21 22 34 34 9! 124
1982 2 0 0 0 0 0 2 21 22 34 34 8 123
1983 2 0 0 0 0 0 2 21 22 34 34 9 124
1984 2 0 0 0 0 0 2 21 22 34 34 9 124
1985 2 0 0 0 0 0 2 21 22 34 34 8 123
1986 2 0 0 0 0 0 2 21 22 34 34 9 124
1987 2 0 0 0 0 0 2 21 22 34 34 9 124
1988 2 0 0 0 0 0 2 21 22 34 34 9 124
1989 2 0 0 0 0 0 2 21 22 34 34 8 123
1990 2 0 0 0 0 0 4 21 22 34 34 9 126
1991 2 0 0 0 0 0 2 21 22 34 ’34 9 124

Avg. 2 0 0 0 0 0 2 21 22 34 34 9 124
Prct. 2 0 0 0 0 0 2 17 18 27 27 7 100
Max 2 0 0 0 0 0 4 21 22 34 34 9 126
Min 2 0 0 0 0 0 1 21 22 34 34 8 123

DRAFT- SUBJECT TO REVISION November 1 ~ 1996

C--0861 80
C-086180



GCID Drain Recapture
Project with GF
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 2 0 0 0 0 0 2 21 22 34 34 9 124
1923 2 0 0 0 0 0 2 21 22 34 34 8 123
1924 2 0 0 0 0 0 2 21 22 34 34 9 124
1925 2 0 0 0 0 0 2 21 22 34 34 9 124
1926 2 0 0 0 0 0 2 21 22 34 34 9 124
1927 2 0 0 0 0 0 2 21 22 34 34 9 124
1928 2 0 0 0 0 0 2 21 22 34 34 9 124
1929 2 0 0 0 0 0 2 21 22 34 34 9 124
1930 2 0 0 0 0 0 2 21 22 34 34 9 124
1931 2 0 0 0 0 0 2 21 22 34 34 9 124
1932 2 0 0 0 0 0 2 21 22 34 34 9~ 124
1933 2 0 0 0 0 0 2 21 22 34 34 9 124
1934 2 0 0 0 0 0 2 21 22 34 34 124
1935 2 0 0 0 0 0 2 21 22 34 34 124
1936 2 0 0 0 0 0 2 21 22 34 34 9, 124
1937 2 0 0 0 0 0 2 21 22 34 34 9~1 124
1938 2 0 0 0 0 0 2 21 22 34 34 9! 124
1939 2 0 0 0 0 0 2 21 22 34 34 9 124
1940 2 0 0 0 0 0 2 21 22 34 34 9 124
1941 2 0 0 0 0 0 1 21 22 34 34 123
1942 2 0 0 0 0 0 2 21 22 34 34 124
1943 2 0 0 0 0 0 2 21 22 34 34 124
1944 2 0 0 0 0 0 2 21 22 34 34 124
1945 2 0 0 0 0 0 2 21 22 34 34 124
1946 2 0 0 0 0 0 2 21 22 34 34 124
1947 2 0 0 0 0 0 2 21 22 34 34 124
1948 2 0 0 0 0 0 2 21 22 34 34 124
1949 2 0 0 0 9 0 2 21 22 34 34 124
1950 2 0 0 0 0 0 2 21 22 34 34 124
1951 2 0 0 0 0 0 2 21 22 34 34 124
1952 2 0 0 0 0 0 2 21 22 34 34 124
1953 2 0 0 0 0 0 2 21 22 34 34 124
1954 2 ’0 0 0 0 0 2 21 22 34 34 124
1955 2 0 0 0 0 0 2 21 22 34 34 124
1956 2 0 0 0 0 0 2 21 22 34 34 124
1957 2 0 0 0 0 0 2 21 22 34 34 123
1958 2 0 0 0 0 0 2 21 22 34 34 124
1959 2 0 0 0 0 0 2 21 22 34 34 123
1960 2 0 0 0 0 0 2 21 22 34 34 124
1961 2 0 0 0 0 0 2 21 22 34 34 124
1962 2 0 0 0 0 0 2 21 22 34 34 124
1963 2 0 0 0 0 0 1 21 22 34 34 123
1964 2 0 0 0 0 0 2 21 22 34 34 124
1965 2 0 0 0 0 0 2 21 22 34 34 124
1966 2 0 0 0 0 0 2 21 22 34 34 124
1967 2 0 0 0 0 0 2 21 22 34 34 124
1968 2 0 0 0 0 0 2 21 22 34 34 124
1969 2 0 0 0 0 0 2 21 22 34 34 124
1970 2 0 0 0 0 0 2 21 22 34 34 124
1971 2 0 0 0 0 0 2 21 22 34 34 124
1972 2 0 0 0 0 0 2 21 22 34 34 124
1973 2 0 0 0 0 0 2 21 22 34 34 124
1974 2 0 0 0 0 0 2 21 22 34 34 124
1975 2 0 0 0 0 0 2 21 22 34 34 124
1976 2 0 0 0 0 0 2 21 22 34 34 124
1977 2 0 0 0 0 0 2 21 22 34 34 124
1978 2 0 0 0 0 0 2 21 22 34 34 124
1979 2 0 0 0 0 0 2 21 22 34 34 124
1980 2 0 0 0 0 0 2 21 22 34 34 124
1981 2 0 0 0 0 0 2 21 22 34 34 124
1982 2 0 0 0 0 0 2 21 22 34 34 123
1983 2 0 "0 0 0 0 2 21 22 34 34 124
1984 2 0 0 0 0 0 2 21 22 34 34 124
1985 2 0 0 0 0 0 2 21 22 34 34 123
1986 2 0 0 0 0 0 2 21 22 34 34 124
1987 2 0 0 0 0 0 2 21 22 34 34 124
1988 2 0 0 0 0 0 2 21 22 34 34 124
1989 2 0 0 0 0 0 2 21 22 34 34 123
1990 2 0 0 0 0 0 2 21 22 34 34 124
1991 2 0 0 0 0 0 2 21 22 34 34 124

Avg. 2 0 0 0 0 0 2 21 22 34 34 , 124
Prct. 2 0 0 0 0 0 2 17 18 27 27 100
Max 2 0 0 0 0 0 2 21 22 34 34 124
Min 2 0 0 0 0 0 1 21 22 34 34 123

DRAFT- SUBJECT TO REVISION Novemberl~ 1996

C--0861 81
C-086181



GCID Drain Recapture
No ProjecUNo Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 2 0 0 0 0 0 8 26 22 38 40 145
1923 2 0 0 0 0 0 6 26 24 44 40 151
1924 2 0 0 0 0 0 8 26 22 34 34 135
1925 "2 0 0 0 0 0 6 21 27 41 40 146
1926 2 0 0 0 0 0 2 25 26 44 43 151
1927 2 0 0 0 0 0 7 26 22 38 40 144
1928 2 0 0 0 0 0 3 26 22 43 40 145
1929 2 0 0 0 0 0 8 26 22 38 40 145
1930 2 0 0 0 0 0 8 26 25 44 40 154
1931 2 0 0 0 0 0 8 23 22 34 34 132
1932 2 0 0 0 0 0 8 23 22 34 34 132
1933 2 0 0 0 0 0 8 24 22 34 34 133
1934 2 0 0 0 0 0 8 26 22 34 34 135
1935 2 0 0 0 0 0 2 23 31 44 42 153
1936 2 0 0 0 0 0 8 26 22 41 42 1500
1937 2 0 0 0 0 0 7 26 22 44 41 151
1938 2 0 0 0 0 0 2 21 23 38 40 135
1939 2 0 0 0 0 0 8 26 22 38 40 145
1940 2 0 0 0 0 0 5 26 31 42 42 157
1941 2 0 0 0 0 0 1 21 3~ 43 43 150
1942 2 0 0 0 0 0 2 22 29 41 42 147
1943 2 0 0 0 0 0 6 26 22 44 41 150
1944 2 0 0 0 0 0 8 26 22 44 42 153
1945 2 0 0 0 0 0 8 26 22 41 42 150
1946 2 0 0 0 0 0 8 26 22 41 40 148
1947 2 0 0 0 0 0 8 26 22 41 41 149
1948 2 0 0 0 0 0 2 21 28 44 43 149
1949 2 0 0 0 0 0 8 26 24 44 41 154
1950 2 0 0 0 0 0 8 26 22 44 40 151
1951 2 0 0 0 0 0 8 25 24 38 41 .147
1952 2 0 0 0 0 0 2 24 22 34 40 133
1953 2 0 0 0 0 0 8 26 22 38 40 145
1954 2 0 0 0 0 0 2 25 23 44 40 145
1955 2 0 0 0 0 0 8 26 22 44 40 151
1956 2 0 0 0 0 0 8 23 22 34 40 138
1957 2 0 0 0 0 0 8 26 27 41 40 151
1958 1 0 0 0 0 0 2 21 23 38 42 136
1959 2 0 0 0 0 0 8 26 22 43 40 149
1960 2 0 0 0 0 0 8 26 22 41 41 149
1961 2 0 0 0 0 0 8 26 22 41 40 148
1962 2 0 0 0 0 0 8 26 22 44 40 151
1963 2 0 0 0 0 0 1 23 31 44 43 153
1964 2 0 0 0 0 0 8 26 22 38 40 145
1965 2 0 0 0 0 0 2 26 22 44 40 145
1966 2 0 0 0 0 0 8 26 22 34 40 141
1967 2 0 0 0 0 0 0 23 22 36 43 135
1968 2 0 0 0 0 0 8 26 22 41 40 148
1969 2 0 0 0 0 0 2 24 22 34 40 133
1970 2 0 0 0 0 0 8 26 22 41 40 148
1971 2 0 0 0 0 0 8 23 22 34 36 134
1972 2 0 0 0 0 0 8 26 22 36 40 143
1973 2 0 0 0 0 0 8 26 22 44 40 151
1974 2 0 0 0 0 0 2 26 22 39 40 140
1975 2 0 0 0 0 0 6 24 22 38 40 141
1976 2 0 0 0 0 0 8 26 22 36 40 143
1977 2 0 0 0 0 0 8 21 22 34 34 130
1978 2 0 0 0 0 0 2 23 31 44 40 151
1979 2 0 0 0 0 0 8 26 23 44 40 9 152
1980 2 0 0 0 0 0 8 26 22 41 40 9: 148
1981 2 0 0 0 0 0 8 26 29 44 41 9 159
1982 2 0 0 0 0 0 2 23 22 44 40 8 141
1983 2 0 "0 0 0 0 2 21 22 38 40 9 134
1984 2 0 0 0 0 0 8 26 22 41 40 9 148
1985 2 0 0 0 0 0 8 26 22 44 40 8 150
1986 2 0 0 0 0 0 8 26 26 44 40 9 155
1987 2 0 0 0 0 0 8 26 22 38 40 9 145
1988 2 0 0 0 0 0 8 26 22 38 40 9 145
1989 2 0 0 0 0 0 8 26 22 44 40 8 150
1990 2 0 0 0 0 0 8 23 22 36 40 9 142
1991 2 0 0 0 0 0 5 25 22 34 34 9 131

Avg. 2 0 0 0 0 0 6 25 23 40 40 9 145
Prct. 1 0 0 0 0 0 4 17 16 28 27 6 100
Max 2 0 0 0 0 0 8 26 31 44 43 9 159
Min 1 0 0 0 ,0 0 0 21 22 34 34 7 130

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 82
C-086182



!
Analysis of Average Weekly GCID Drain Recapture

1995 Hydrology I

iProject - Screen Only

200

I0

MONTH

Project with GF
1000

800

d 400

~oo

o I~
OCT ’ RO~/ ’ DEC ’ JAN ’ FEB ’ MAR MAY ’ 30R ’ 30L ’AOG ’ SEP ’

MONTH

No Project I No Action
1000

Existing No Project/No Action

800

~ 600

0
,,~ 400

200

MONTH

DRAFT-SUBJECT TO REVISION November 17, 1996

C--0861 83
C-086183



! =i                Analysis of Annual GCID Drain Recapture for

I Project and No Project/No Action Alternatives
; 1995 Hydrology

70 Year Hydrologic Record Exceedance Probability
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Analysis of Average Weekly GCID Drain Recapture
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Analysis of Annual GCID Drain Recapture for
Project and No Project/No Action Alternatives

2020 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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’ I B. 7.5 Tehama-Colusa Canal
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TCC Diversion for GCID
Exist~n~ Conditions
1995 Hydrology

1000 Acre Feet
water
year O~ Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 34 0 34
1923 0 0 0 0 0 0 0 0 1 0 45 0 46
1924 0 0 0 0 0 0 0 0 0 0 6 0 6
1925 0 0 0 0 0 0 0 0 29 12 53 0 94
1926 0 0 0 0 0 0 0 13 40 5 48 0 106
1927 0 0 0 0 0 0 0 1 12 4 39 0 56
1928 0 0 0 0 0 0 0 10 22 1 35 0 68
1929 0 0 0 0 0 0 0 8 5 1 33~ 0 47
1930 0 0 0 0 0 0 0 11 37 8 51 0 107
1931 0 0 0 0 0 0 0 0 0 0 7 0 7
1932 0 0 0 0 0 0 0 0 0 0 9 0 9
1933 0 0 0 0 0 0 0 0 0 0 2 0 2
1934 0 0 0 0 0 0 0 0 0 0 8 0 8
1935 0 0 0 0 0 0 0 12 39 21 49 0 121
1936 0 0 0 0 0 0 0 4 15 15 45 0 79
1937 0 0 0 0 0 0 0 12 18 10 40 0 80
1938 0 0 0 0 0 0 0 0 22 11 46 0 79
1939 0 0 0 0 0 0 0 0 17 0 33 0 50
1940 0 0 0 0 0 0 0 0 36 17 47 0 100
1941 0 0 0 0 0 0 0 0 36 32 57 0 125
1942 0 0 0 0 0 0 0 0 29 22 51 0 102
1943 0 0 0 0 0 0 0 5 27 9 41 0 82
1944 0 0 0 0 0 0 0 0 28 9 41 0 78
1945 0 0 0 0 0 0 0 0 22 15 45 0 82
1946 0 0 0 0 0 0 0 0 20 1 32 0 53
1947 0 0 0 0 0 0 0 2 19 4 40 0 65
1948 0 0 0 0 0 0 0 0 26 50 59 0 135
1949 0 0 0 0 0 0 0 0 31 10 40 0 81
1950 0 0 0 0 0 0 0 5 23 6 38 0 72
1951 0 0 0 0 0 0 0 0 28 6 38 0 72
1952 0 0 0 0 0 0 0 0 1 1 36 0 38
1953 0 0 0 0 0 0 0 0 10 12 29 0 51
1954 0 0 0 0 0 0 0 5 29 5 32 0 71
1955 0 0 0 0 0 0 0 8 30 3 42 0 83
1956 0 0 0 0 0 0 0 0 9 6 41 0 56
1957 0 0 0 0 0 0 0 0 32 9 46 0 87
1958 0 0 0 0 0 0 0 0 19 17 51 0 87
1959 0 0 0 0 0 0 0 6 21 0 35 0 62
19600000000022 137060
1961 0 0 0 0 0 0 0 4 13 1 41 0 59
1962 0 0 0 0 0 0 0 6 22 4 39 0 71
1963 0 0 0 0 0 0 0 7 44 29 56 0 136
1964 0 0 0 0 0 0 0 3 13 0 35 0 51
1965 0 0 0 0 0 0 0 8 24 9 19 0 60
1966 0 0 0 0 0 0 0 1 11 0 30 0 42
1967 0 0 0 0 0 0 0 1 0 24 54 0 79
1968 0 0 0 0 0 0 0 7 18 2 31 0 58
1969 0 0 0 0 0 0 0 0 2 1 34 0 37
1970 0 0 0 0 0 0 0 7 12 1 36 0 56
1971 0 0 0 0 0 0 0 0 9 1 32 0 42
1972 0 0 0 0 0 0 0 1 15 0 37 0 53
1973 0 0 0 0 0 0 0 6 25 4 38 0 73
1974 0 0 0 0 0 0 0 6 20 0 42 0 68
1975 0 0 0 0 0 0 0 0 15 1 35 0 51
1976 0 0 0 0 0 0 0 3 9 0 20 0 32
1977 0 0 0 0 0 0 0 0 0 0 11 0 11
1978 0 0 0 0 0 0 0 7 37 17 52 0 113
1979 0 0 0 0 0 0 0 5 29 4 44 0 82
1980 0 0 0 0 0 0 0 1 22 7 40 0 70
1981 0 0 0 0 0 0 0 6 35 5 48 0 94
1982 0 0 0 0 0 0 0 8 12 28 57 0 105
1983 0 0 0 0 0 0 0 0 5 26 55 0 86
1984 0 0 0 0 0 0 0 1 16 1 21 0 39
1985 0 0 0 0 0 0 0 9 25 5 45 0 84
1986 0 0 0 0 0 0 0 8 33 11 46 0 98
1987 0 0 0 0 0 0 0 2 4 0 36 0 42
1988 0 0 0 0 0 0 0 0 2 0 37 0 39
1989 0 0 0 0 0 0 0 14 26 3 48 0 91
1990 0 0 0 0 0 0 0 0 25 1 33 0 59
1991 0 0 0 0 0 0 0 0 4 0 22 0 26

Avg. 0 0 0 0 0 0 0 3 18 7 38 0 66
Pr~. 0 0 0 0 0 0 0 5 28 11 57 0 100
Max 0 0 0 0 0 0 0 14 44 50 59 . 0 136
Min 0 0 0 0 0 0 0 0 0 0 2 0 2

DRAFT - SUBJECT TO REVISION November 1 ~ 1996

C--0861 88
C-086188



TCC Diversion for GCID
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 1 0 0 8 0 9
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0; 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0

0 00 0 01937 0 0 0 0 0 0 0      0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0      0      0
1941 0 0 0 0 0 0 0 0 1 0 0 0 1
1942 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0~ 0
1944 0 0 0 0 0 0 0 0 0 0 0

~
0

1945 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 0 0 2 2
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 2 2
1978 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 ’0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 O 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 5 0 2 01 7

Avg. 0 0 0 0 0 0 . 0 0 0 0 0 0 0
Prct, 0 0 0 0 0 0 0 5 29 0 67 0 100
Max 0 0 0 0 0 0 0 1 5 0 8 0 9
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 89
C-086189



TCC Diversion for GCID
Project with GF
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 ¯ 0 0 0 0 4 4
1925 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 1 0 0 1
1942 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 0 0 2 2
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 9 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 "0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0, 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 14 0 86 0 100
Max 0 0 0 0 0 0 0 0 1 0 4 0 4
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 17, 1996

C--0861 90
C-086190



TCC Diversion for GCID
No ProjecUNo Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 13 61 40 27 0 141
1923 0 0 0 0 0 0 0 30 68 42 38 0 178
1924 0 0 0 0 0 0 0 8 23 3 6 0 40
1925 0 0 0 0 0 0 0 4 67 60 46 0 177
1926 0 0 0 0 0 0 0 32 73 44 41 0 !90
1927 0 0 0 0 0 0 0 19 54 46 32 0 151
1928 0 0 0 0 0 0 0 27 64 32 28 0 151
1929 0 0 0 0 0 0 0 28 45 40 27 0 140
1930 0 0 0 0 0 o 0 28 77 49 45 0 199
1931 0 0 0 0 0 0 0 0 17 8 7 0 32
1932 0 0 0 0 0 0 0 0 25 13 9 0 47
1933 0 0 0 0 0 0 0 1 19 3 2 0 25
1934 0 0 0 0 0 0 0 6 23 9 8 0 46
1935 0 0 0 0 0 0 0 30 70 54 42 0 196
1936 0 0 0 0 0 0 0 24 56 52 38 0 170
1937 0 0 0 0 0 0 0 29 60 46 33 0 168
1938 0 0 0 0 0 0 0 5 66 50 39 0 160
1939 0 0 0 0 0 0 0 15 59 32 26 0! 132
1940 0 0 0 0 0 0 0 16 71 54 40 0 181
1941 0 0 0 0 0 0 0 8 64 66 51 0! 189
1942 0 0 0 0 0 0 0 14 66 59 44 O 183
1943 0 0 0 0 0 0 0 25 69 43 34 0; 171
1944 0 0 0 0 0 0 0 18 70 46 34 0 168
1945 0 0 0 0 0 0 0 18 64 52 38 0 172
1946 0 0 0 0 0 0 0 21 62 35 26 0 144
1947 0 0 0 0 0 0 0 23 60 42 33 O 158
1948 0 0 0 0 0 0 0 1 62 70 55 01 188
1949 0 0 0 0 0 0 0 18 71 47 34 0! 170
1950 0 0 0 0 0 0 0 25 65 42 32 01 164
1951 0 0 0 0 0 0 0 7 69 45 32 0 .153
1952 0 0 0 0 0 0 0 17 45 43 29 0i 134
1953 0 0 0 0 0 0 0 15 56 50 22 0i 143
1954 0 0 0 0 0 0 0 25 71 40 25 O; 161
1955 0 0 0 0 0 0 0 29 71 35 35 01 170
1956 0 0 0 0 0 0 0 1 53 50 35 01 139
1957 0 0 0 0 0 0 0 13 71 47 40 0i 171
1958 0 0 0 0 0 0 0 3 62 57 44 0i 166
1959 0 0 0 0 0 0 0 26 64 27 29 0j 146
1960 0 0 0 0 0 0 0 17 65 35 30 0; 147
1961 0 0 0 0 0 0 0 23 58 39 35 01 155
1962 0 0 0 0 0 0 0 27 64 41 33 0i 165
1963 0 0 0 0 0 0 0 27 69 63 49 01 208
1964 0 0 0 0 0 0 0 24 55 31 28 01 138
1965 0 0 0 0 0 0 0 25 66 41 12 Oi 144
1966 0 0 0 0 0 0 0 20 54 30 23 0! 127
1967 0 0 0 0 0 0 0 20 35 63 47 01 165
1968 0 0 0 0 0 0 0 26 60 38 25 01 149
1969 0 0 0 0 0 0 0 14 48 42 27 01 131
1970 0 0 0 0 0 0 0 27 55 36 30 0i 148
1971 0 0 0 0 0 0 0 0 52 41 27 01 120
1972 0 0 0 0 0 0 0 20 57 30 31 0: 138
1973 0 0 0 0 0 0 0 23 66 39 31 0i 159
1974 0 0 0 0 0 0 0 25 66 25 35 0i 151
1975 0 0 0 0 0 0 0 16 61 38 28 0 143
1976 0 0 0 0 0 0 6 24 52 26 13 0 115
1977 0 0 0 0 0 0 0 0 25 6 11 O 42
1978 0 0 0 0 0 0 0 26 71 52 46 0! 195
1979 0 0 0 0 0 0 0 26 72 39 37 0 174
1980 0 0 0 0 0 0 0 20 64 44 34 0 162
1981 0 0 0 0 0 0 0 23 72 42 , 42 0 179
1982 0 0 0 0 0 0 0 29 59 64 54 0 206
1983 0 0 0 0 0 0 0 9 41 68 49 0 167
1984 0 0 0 0 0 0 0 23 59 34 15 0 131
1985 0 0 0 0 0 0 0 29 69 40 38 0 176
1986 0 0 0 0 0 0 0 31 73 46 40 0 190
1987 0 0 0 0 0 0 0 25 53 33 29 0 140
1988 0 0 0 0 0 0 0 16 49 40 30 0 135
1989 0 0 0 0 0 0 0 34 68 39 41 0 182
1990 0 0 0 0 0 0 0 1 67 39 26 0 133
1991 0 0 0 0 0 0 0 14 41 22 22 0 99

Avg. 0 0 0 0 0 0 0 18 58 41 32 0 149
Prcto 0 0 0 0 0 0 0 12 39 27 21 0 100
Max 0 0 0 0 0 0 0 34 77 70 55 0 208
Min 0 0 0 0 0 0 0 0 17 3 2 0 25

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 91
C-086191



TCC Diversion for GCID
Project - Screen Only
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Ju! Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 6 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 1 0 0 0 1
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 3 0 0 0 3
1936 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 1 0 0 1
1941 0 0 0 0 0 0 0 0 1 0 0 0 1
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 1 0 3 0 4
1949 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 1 0 0 0 1
1964 0 0 0 0 0 0 0o 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0

0 01980 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 1 0 1
1983 0 0 ’0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 67 0 33 0 100
Max 0 0 0 0 0 0 0 0 3 0 3 0 4
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 92
C-086192



1
TCC Diversion for GCID 1
Project with GF
2020 Hydrology

1000 Acre Feet 1
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1924 0 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1929 0 0 0 0 0 0 0 0 0 0 0 0 0 ’
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 1 0 0 0 1
1942 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1948 0 0 0 0 0 0 0 0 1 0 3 0 4
1949 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 1 0 0 0 1
1964 0 0 0 0 0 0 0 0 0 0 0 ~ 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 ~ 0
1969 0 0 0 0 0 0 0 0 0 0 0 O 0
1970 0 0 0 0 0 0 0 0 0 0 0 01 0
1971 o o o o o o o o o o o o o 1
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 O 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 1 0 1
1983 0 0 ’0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 . 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 43 0 57 0 100
Max 0 0 0 0 0 0 0 0 1 0 3 0 4
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 93
C-086193



TCC Diversion for GCID
No ProjecUNo Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 15 64 40 26 145
1923 0 0 0 0 0 0 0 33 72 45 44 194
1924 0 0 0 0 0 0 0 9 25 5 6 45
1925 0 0 0 0 0 0 0 5 68 64 51 188
1926 0 0 0 0 0 0 0 31 74 57 44 206
1927 0 0 0 0 0 0 0 20 55 46 30 181
1928 0 0 0 0 0 0 0 28 66 32 29 155
1929 0 0 0 0 0 0 0 29 43 44 31 147
1930 0 0 0 0 0 0 0 27 78 53 46 204
1931 0 0 0 0 0 0 0 0 17 7 6 30
1932 0 0 0 0 0 0 0 0 25 13 9 47
1933 0 0 0 0 0 0 0 1 22 5 2 30
1934 0 0 0 0 0 0 0 6 23 9 8 46
1935 0 0 0 0 0 0 0 29 71 53 47 200
1936 0 Q 0 0 0 0 0 26 59 52 42 179
1937 0 0 0 0 0 0 0 =31 63 47 37 178
1938 0 0 0 0 0 0 0 5 65 49 38 157
1939 0 0 0 0 0 0 0 16 60 35 29 140
1940 0 0 0 0 0 0 0 17 71 52 43 183
1941 0 0 0 0 0 0 0 7 63 65 51 186
1942 0 0 0 0 0 0 0 13 65 56 42 ~176
1943 0 0 0 0 0 0 0 25 71 40 32 168
1944 0 0 0 0 0 0 0 20 72 44 37 173
1945 0 0 0 0 0 0 0 17 67 52 42 178
1946 0 0 0 0 0 0 0 23 64 31 30 148
1947 0 0 0 0 0 0 0 25 61 45 36 167
1948 0 0 0 0 0 0 0 0 61 70 59 190
1949 0 0 0 0 0 0 0 19 73 48 35 175
1950 0 0 0 0 0 0 0 28 69 40 36 173
1951 0 0 0 0 0 0 0 6 71 44 35 156
1952 0 0 0 0 0 0 0 18 45 40 25 128
1953 0 0 0 0 0 0 0 15 53 46 18 132
1954 0 0 0 0 0 0 0 25 71 39 28 163
1955 0 0 0 0 0 0 0 30 69 35 37 171
1956 0 0 0 0 0 0 0 2 54 47 32 135
1957 0 0 0 0 0 0 0 12 72 48 40 172
1958 0 0 0 0 0 0 0 2 60 55 42 159
1959 0 0 0 0 0 0 0 30 66 25 30 151
1960 0 0 0 0 0 0 0 19 66 38 34 157
1961 0 0 0 0 0 0 0 25 58 43 38 164
1962 0 0 0 0 0 0 0 30 67 32 35 164
1963 0 0 0 0 0 0 0 27 69 62 48 206
1964 0 0 0 0 0 0 0 26 56 34 31 147
1965 0 0 0 0 0 0 0 27 67 39 9 142
1966 0 0 0 0 0 0 0 21 52 29 23 125
1967 0 0 0 0 0 0 0 20 31 64 45 160
1968 0 0 0 0 0 0 0 29 59 39 26 153
1969 0 0 0 0 0 0 0 16 47 38 23 124
1970 0 0 0 0 0 0 0 28 56 35 31 150
1971 0 0 0 0 0 0 0 0 47 38 25 110
1972 0 0 0 0 0 0 0 22 58 28 32 140
1973 0 0 0 0 0 0 0 25 69 33 31 158
1974 0 0 0 0 0 0 0 25 65 22 32 144
1975 0 0 0 0 0 0 0 17 61 34 25 137
1976 0 0 0 0 0 0 0 26 53 27 14 120
1977 0 0 0 0 0 0 0 0 26 7 11 44
1978 0 0 0 0 0 0 0 27 72 50 44 193
1979 0 0 0 0 0 0 0 27 73 39 40 179
1980 0 0 0 0 0 0 0 21 67 42 32 162
1981 0 0 0 0 0 0 0 25 73 48 46 192
1982 0 0 0 0 0 0 0 30 63 64 53 210
1983 0 0 ’0 0 0 0 0 9 42 66 47 0 164
1984 0 0 0 0 0 0 0 25 60 30 10 0 125
1985 0 0 0 0 0 0 0 32 70 43 43 0 188
1986 0 0 0 0 0 0 0 31 74 49 42 0 196
1987 0 0 0 0 0 0 0 27 55 37 32 0 151
1988 0 0 0 0 0 0 0 18 58 43 31 0 150
1989 0 0 0 0 0 0 0 36 67 48 46 0 197
1990 0 0 0 0 0 0 0 I 73 40 28 0 142
1991 0 0 0 0 0 0 0 14 39 26 22 0 101

Avg. 0 0 0 0 0 0 0 19 59 41 33 0 152
Prct. 0 0 0 0 0 0 0 13 39 27 22 0 100
Max 0 0 0 0 0 0 0 36 78 70 59 0 210
Min 0 0 0 0 0 0 0 0 17 5 2 0 30

DRAFT- SUBJECTTO REVISION Novemberl~ 1996

C--0861 94
C-086194



TCC Diversions for Refuges
F-x~st~ng Conditions
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 2 0 10 0 12
1923 0 0 0 0 0 0 0 0 5 0 9 0 14
1924 0 0 0 0 0 0 0 0 0 0 7 0 7
1925 0 0 0 0 0 0 0 0 6 8 11 0 25
1926 0 0 0 0 0 0 0 3 6 4 13 0 26
1927 0 0 0 0 0 0 0 2 6 4 11 0 23
1928 0 0 0 0 0 0 0 3 6 2 11 0 22
1929 0 0 0 0 0 0 0 3 6 3 11 0 23
1930 0 0 0 0 0 0 0 3 6 4 12 "0 25
1931 0 0 0 0 0 0 0 0 0 0 7 0 7
1932 0 0 0 0 0 0 0 0 0 0 7 0 7
1933 0 0 0 0 0 0 0 0 0 0 6 0 6
1934 0 0 0 0 0 0 0 0 0 0 7 0 7
1935 0 0 0 0 0 0 0 3 6 9 13 0 31
1936 0 0 0 0 0 0 0 3 6 9 13 0 31
1937 0 0 0 0 0 0 0 3 6 9 12 0 30
1938 0 0 0 0 0 0 0 0 6 9 9 0 24
1939 0 0 0 0 0 0 0 0 6 2 9 0 17
1940 0 0 0 0 0 0 0 0 6 9 13 0 28.
1941 0 0 0 0 0 0 0 0 6 9 13 0 28
1942 0 0 0 0 0 0 0 0 6 9 13 0 28
1943 0 0 0 0 0 0 0 3 6 9 12 0 30
1944 0 0 0 0 0 0 0 0 6 9 13 0 28
1945 0 0 0 0 0 0 0 0 6 9 13 0 28
1946 0 0 0 0 0 0 0 2 6 5 10 0 23
1947 0 0 0 0 0 0 0 3 6 8 12 0 29
1948 0 0 0 0 0 0 0 0 5 9 9 0 23
1949 0 0 0 0 0 0 0 2 6 9 12 0 29
1950 0 0 0 0 0 0 0 3 6 8 10 0 27
1951 0 0 0 0 0 0 0 0 6 9 12 0 27
1952 0 0 0 0 0 0 0 1 5 6 10 0 22
1953 0 0 0 0 0 0 0 0 6 8 10 0 24
1954 0 0 0 0 0 0 0 3 6 5 10 0 24
1955 0 0 0 0 0 0 - 0 3 6 6 10 0 25
1956 0 0 0 0 0 0 0 0 5 9 9 0 23
1957 0 0 0 0 0 0 0 0 6 9 9 0 24
1958 0 0 0 0 0 0 0 0 5 9 13 0 27
1959 0 0 0 0 0 0 0 3 6 2 9 0 20
1960 0 0 0 0 0 0 0 2 6 2 12 0 22
1961 0 0 0 0 0 0 0 3 6 4 10 0 23
1962 0 0 0 0 0 0 0 3 6 8 11 0 28
1963 0 0 0 0 0 0 0 3 6 9 13 0 31
1964 0 0 0 0 0 0 0 3 6 2 9 0 20
1965 0 0 0 0 0 0 0 3 6 7 9 0 25
1966 0 0 0 0 0 0 0 3 6 0 10 0 19
1967 0 0 0 0 0 0 0 1 1 9 13 0 24
1968 0 0 0 0 0 0 6 3 6 4 11 0 24
1969 0 0 0 0 0 0 0 0 6 5 10 0 21
1970 O 0 0 0 O 0 0 3 6 2 12 0 23
1971 0 0 ,0 0 0 0 0 0 5 5 10 0 20
1972 0 0 0 0 0 0 0 3 6 1 9 0 19
1973 0 0 0 0 0 0 0 3 6 6 10 0 25
1974 0 0 0 0 0 0 0 3 6 0 12 0 21
1975 0 0 0 0 0 0 0 0 6 5 10 0 21
1976 0 0 0 0 0 0 0 3 6 0 9 0 18
1977 0 0 0 0 0 0 0 0 0 0 7 0 7
1978 0 0 0 0 0 0 0 3 6 9 9 0 27
1979 0 0 0 0 0 0 0 3 6 8 11 0 28
1980 0 0 0 0 0 0 0 3 6 9 11 0 29
1981 0 0 0 0 0 0 ~ 0 3 6 8 12 0 29
1982 0 0 0 0 0 0 0 3 6 9 10 0 28
1983 0 0 =0 0 0 0 0 0 3 9 10 ~ 22
1984 0 0 0 0 0 0 0 2 6 4 9 0~ 21
1985 0 0 0 0 0 0 0 3 6 9 9 01 27
1986 0 0 0 0 0 0 0 3 6 9 9 01 27
1987 0 0 0 0 0 0 0 3 6 0 11 0 20
1988 0 0 0 0 0 0 0 0 5 4 12 0 21
1989 0 0 0 0 0 0 0 3 6 7 9 0 25
1990 0 0 0 0 0 0 0 0 5 3 10 0 18
1991 0 0 0 0 0 0 0 0 4 0 7 0 11

Avg." 0 0 0 0 0 0" 0 2 5 5 10 0 23
Prct. 0 0 0 0 0 0 0 7 23 24 46 0 100
Max 0 0 0 0 0 0 0 3 6 9 13 0 31
Min 0 0 0 0 0 0 0 0 0 0 6 0 6

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 95
C-086195



TCC Diversions for Refuges
P roiect- Screen
1995 Hydrology

1000 Acre Feet
water
year O~ Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep to~l

1922 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 , 0 1 0 0 7 8
1925 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 2 2
1931 0 ~ 0 0 0 0 0 0 0 0 9 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 2 0 0 2
1942 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 2 2 5 9
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0. 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 2 0 0 2
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0
196600000000000 0
1967 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 4 4
1978 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 - 3 0 3
1983 0 0 0 0 0 0 0 0 0 0 0 01 0
1984 0 0 0 0 0 0 0 0 0 0 0 0! 0
1985 0 0 0 0 0 0 0 0 0 0 0 0i 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 3 0 6 0 9

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 1
Pmt. 0 0 0 0 0 0 0 3 23 5 69 0 100
Max 0 0 0 0 0 0 0 1 3 2 7 0 9
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996

086196
C-086196



TCC Diversions for Refuges
Project with GF
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 3 ~ 3
1925 0 0 0 0 0 0 0 0 0 0 0 O 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 ~ 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 ~ 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 2 0 0 0 2
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 2 2 5 0 9
1949 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 2 0 0 0 2
1964 0 0 0 0 0 0 0 ¯ 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 9 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 9 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 3 0 3
1983 0 0 0 0 0 0 0 9 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 3 0 3

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 27 9 64 0 100
Max 0 0 0 0 0 0 0 0 2 2 5 0 9
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT - SUBJECT TO REVISION November 1~ 1996

C--0861 97



TCC Diversions for Refuges
No Projec~No Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 3 6 9 10 0 28
1923 0 0 0 0 0 0 0 3 6 9 9 0 27
1924 0 0 0 0 0 0 0 2 ’5 6 7 0 20
1925 0 0 0 0 0 0 0 3 2 9 10 0 24
1926 0 0 0 0 0 0 0 3 4 9 13 0 29
1927 0 0 0 0 0 0 0 3 6 9 11 0 29
1928 0 0 0 0 0 0 0 3 6 9 11 0 29
1929 0 0 0 0 0 0 0 3 6 9 11 0 29
1930 0 0 0 0 0 0 0 3 6 9 11 0 29
1931 0 0 0 0 0 0 0 0 5 7 7 0 19
1932 0 0 0 0 0 0 0 1 5 7 7 0 20
1933 0 0 0 0 0 0 0 2 5’ 5 6 0 18
1934 0 0 0 0 0 0 0 2 5 7 7 0 21
1935 , 0 0 0 0 0 0 0 3 1 9 13 0 26
1936 0 0 0 0 0 0 0 3 6 9 13 0 31
1937 0 0 0 0 0 0 0 3 6 9 12 0 30
1938 0 0 0 O 0 0 0 3 3 9 9 0 24
1939 0 0 0 0 0 0 0 3 6 9 9 0 27
1940 0 0 0 0 0 0 0 3 1 9 13 0 26
1941 0 0 0 0 0 0 0 3 1 9 9 0 22
1942 0 0 0 0 0 0 0 3 1 9 13 0 26
1943 0 0 0 0 0 0 0 3 5 9 12 0 29
1944 0 0 0 0 0 0 0 3 6 9 13 0 31
1945 0 0 0 0 0 0 0 3 6 9 13 0 31
1946 0 0 0 0 0 6 0 3 6 9 10 0 28
1947 0 0 0 0 0 0 0 3 6 9 12 0 30
1948 0 0 0 0 0 0 0 2 3 7 5 0 17
1949 0 0 0 0 0 0 0 3 3 9 12 0 27
1950 0 0 0 0 0 0 0 3 6 9 10 0 28
1951 0 0 0 0 0 0 0 3 4 9 12 0 28
1952 0 0 0 0 0 0 0 3 6 9 10 0 28
1953 0 0 0 0 0 0 0 3 6 9 10 0 28
1954 0 0 0 0 0 0 0 3 3 9 10 0 25
1955 0 0 0 0 0 0 0 3 6 "9 10 0 28
1956 0 0 0 0 6 0 0 2 6 9 9 0 26
1957 0 0 0 0 0 0 0 3 2 9 9 0 23
1958 0 0 0 0 0 0 0 2 3 9 13 0 27
1959 0 0 0 0 0 0 0 3 6 9 9 0 27
1960 0 0 0 ~ 0 0 0 0 3 6 9 11 0 29
1961 0 0 0 0 0 0 0 3 6 9 10 0 28
1962 0 0 0 0 0 0 0 3 6 9 11 0 29
1963 0 0 0 0 0 0 0 3 1 9 11 0 24
1964 0 0 0 0 0 0 0 3 6 9 9 0 27
1965 0 0 0 0 0 0 0 3 6 9 9 0 27
1966 0 0 0 0 0 0 0 3 6 9 10 0 28
1967 0 0 0 0 0 0 0 3 6 9 11 0 29
1968 0 0 0 0 0 0 0 3 6 9 11 0 29
1969 0 0 0 0 0 0 0 3 6 9 10 0 28
1970 0 0 0 0 0 0 0 3 6 9 12 0 30
1971 0 0 0 0 0 0 0 1 6 9 10 0 26
1972 0 0 0 0 0 0 0 3 6 9 9 0 27
1973 0 0 0 0 0 0 0 3 6 9 10 0 28
1974 0 0 0 0 0 0 0 3 4 9 12 0 28
1975 0 0 0 0 0 0 0 3 6 9 10 0 28
1976 0 6 0 0 0 0 0 3 6 9 9 0 27
1977 0 0 0 0 0 0 0 0 5 7 7 0 19
1978 0 0 0 0 0 0 0 3 1 9 9 0 22
1979 0 0 0 0 0 0 0 3 3 9 11 0 26
1980 0 0 0 0 0 0 0 3 6 9 11 0 29
1981 0 0 0 0 0 0 0 3 1 9 12 0 25
1982 0 0 0 0 0 0 0 3 6 9 4 0 22
1983 9 0 ’0 0 0 0 0 3 6 9 7 0 25
1984 0 0 0 0 0 0 0 3 6 9 9 0 27
1986 0 0 0 0 0 0 0 3 6 9 9 0 27
1986 0 0 0 0 0 0 0 3 2 9 9 0 23
1987 0 0 0 0 0 0 0 3 6 9 11 0 29
1988 0 0 0 0 0 0 0 3 6 9 12 0 30
1989 0 0 0 0 0 0 0 3 6 9 9 0 27
1990 0 0 0 0 0 0 0 2 6 9 10 0 27
1991 0 0 0 0 0 0 6 2 5 7 7 0 21

Avg. 0 0 0 0 0 0 0 3 5 9 10 0 26
PrcL 0 0 0 0 0 0 0 10 18 33 38 0 100
Max 0 0 0 0 0 0 0 3 6 9 13 0 31
Min 0 0 0 0 0 0 0 0 1 5 4 0 17

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--0861 98
C-086198



TCC Diversions for Refuges
Project - Screen
2020 Hydrology

1000 Acre Feet
water , !year Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 6 0
1924 0 0 0 0 0 0 0 0 0 0 0 6 0 !11925 0 0 0 0 0 0 0 0 0 0 2 0 2
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 4 0 1 0 5
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 5 0 1 0 6
1936 0 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0 ~11
1938 0 0 0 0 0 0 0 0 0 0 0 0 0 I1939 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 3 0 0 0 3
1941 0 0 0 0 0 0 0 0 3 0 0 0 3
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1948 0 0 0 0 0 0 0 0 2 4 6 8 12
1949 0 0 0 0 0 0 0 0 2 0 0 0 2
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 2 0 0 0 2
1952 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0 I1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 . 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 O’ 0
1963 0 0 0 0 0 0 0 0 2 0 0 0 2
1964 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 O! 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 1 1
1982 0 0 0 0 0 0 0 0 0 0 3 3
1983 0 0 "0 0 0 0 0 0 0 0 1 1
1984 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1986 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 2 2
1990 0 0 0 0 0 0 0 0 2 0 0 2 ¯
1991 0 0 0 0 0 0 0 0 0 0 2 2

Avg. 0 0 0 0 0 0 0 0 0 0 0 1
Prct. 0 0 0 0 0 0 0 0 52 8 40 100
Max 0 0 0 0 0 0 0 0 5 4 6 12 ¯
Min 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996

!
C--0861 99

C-086199



TCC Diversions for Refuges
Project with GF
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 9 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 O O 0 O
1941 0 0 0 0 0 0 0 0 3 0 0 0 3
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 2 4 6 0 12
1949 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 2 0 0 0 2
1964 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0 ¯
1971 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 .3 0 3
1983 0 0 =0 0 0 0 0 0 0 0 1 0 1
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 6 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 33 19 48 0 100
Max 0 0 0 0 0 0 0 0 3 4 6 0 12
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996

C--086200
C-086200



TCC Diversions for Refuges ¯
No Projec~No Action
2020 Hydrology

1000 Acre Feet
water Iyear Oct Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep to~l

1922 0 0 0 0 0 0 0 3 6 9 12 0 30
1923 0 0 0 0 0 0 0 3 5 9 9 0 26
1924 0 0 0 0 0 0 0 2 5 7 7 0 21
1925 0 0 0 0 0 0 0 3 1 9 10 0 23
1926 0 0 0 0 0 0 0 3 4 9 13 0 29
1927 0 0 0 0 0 0 0 3 6 9 13 0 31
1928 0 0 0 0 0 0 0 3 6 9 12 0 30
1929 0 0 0 0 0 0 0 3 6 9 13 0 31
1930 0 0 0 0 0 0 0 3 6 9 13 0 311931 0 0 0 0 0 0 0 1 5 7 7 0 20
1932 0 0 0 0 0 0 0 1 5 7 7 0 20
1933 0 0 0 0 0 0 0 2 5 6 6
1934 0 0 0 0 0 0 0 2 5 7 7 C 21
1935 0 0 0 0 0 0 0 3 1 9 12 0 25
1936 0 0 0 0 0 0 0 3 6 9 13 0 31
1937 0 0 0 0 0 0 0 3 6 9 13 0 31 =ml
1938 0 0 0 0 0 0 0 3 4 9 10 0 26
1939 0 0 0 0 0 0 0 3 6 9 9 0 27
1940 0 0 0 0 0 0 0 3 1 9 13 0 26
1941 0 0 0 0 0 0 0 3 1 9 10 0 23
1942 0 0 0 0 0 0 0 3 1 9 13 0 26
1943 0 0 0 0 0 0 0 3 4 9 13 0 29
1944 0 0 0 0 0 0 0 3 6 9 13 0 31
1945 0 0 0 0 0 0 0 3 6 9 13 0 31
1946 0 0 0 0 0 0 0 3 6 9 12 0 30
1947 0 0 0 0 0 0 0 3 6 9 13 0 31
1948 0 0 0 0 0 0 0 1 3 7 4 0 15
1949 0 0 0 0 0 0 0 3 2 9 13 0 27
1950 0 0 0 0 0 0 0 3 6 9 12 0 30
1951 0 0 0 0 0 0 0 3 3 9 13 0 28
1952 0 0 0 0 0 0 0 3 6 9 12 0 30 ¯
1953 0 0 0 0 0 0 0 3 6 9 10 0 28
1954 0 0 0 0 0 0 0 3 2 9 12 0 26
1955 0 0 0 0 0 0 0 3 6 9 11 0 29
1956 0 0 0 0 0 0 0 3 6 9 10 0 28
1957 0 0 0 0 0 0 0 3 1 9 9 O, 22 ¯
1958 0 0 0 0 Q 0 0 2 3 9 13 0 27
1959 0 0 0 0 0 0 0 3 6 9 9 0 27
1960 0 0 0 0 0 0 0 3 6 9 13 ~ 31
1961 0 0 0 0 0 0 0 3 6 9 12
1962 0 0 0 0 0 0 0 3 6 9 12 ~ 30 I1963 0 0 0 0 0 0 0 3 1 9 12 ~ 25
1964 0 0 0 0 0 0 0 3 6 9 10 ~ 28
1965 0 0 0 0 0 0 0 3 6 9 10 0 28
1966 0 0 0 0 0 0 0 3 6 9 11 0 29
1967 0 0 0 0 0 0 0 3 6 9 12 9 30
1968 0 0 0 0 0 0 0 3 6 9 12 0 30
1969 0 0 0 0 0 0 0 3 6 9 11 0 29
1970 0 0 0 0 0 0 0 3 6 9 13 9 31
1971 0 0 0 0 0 0 0 1 6 9 11 0 27
1972 0 0 0 0 0 0 0 3 6 9 9 0 27
1973 0 0 0 0 0 0 0 3 5 9 12 0 29
1974 0 0 0 0 0 0 0 3 5 9 13 0 30
1975 0 0 0 0 0 0 0 3 6 9 11 0 29
1976 0 0 0 0 0 0 0 3 6 9 9 0 27 ¯
1977 0 0 0 0 0 0 0 0 5 7 7 0 19
1978 0 0 0 0 0 0 0 3 1 9 10 0 23
1979 0 0 0 0 0 0 0 3 3 9 12 0 27
1980 0 0 0 0 0 0 0 3 6 9 13 0 31
1981 0 0 0 0 0 0 0 3 1 9 13 0 26
1982 0 0 0 0 0 0 0 3 6 9 5 0 23
1983 0 0 ,0 0 0 0 0 3 6 9 9 0 27
1984 0 0 0 0 0 0 0 3 6 9 9 0 27
1985 0 0 0 0 0 0 0 3 6 9 9 0 27
1986 0 0 0 0 0 0 0 3 2 9 10 0 24
1987 0 0 0 0 0 0 0 3 6 9 13 0 31
1988 0 0 0 0 0 0 0 3 6 9 13 0 31
1989 0 0 0 0 0 0 0 3 6 9 9 0 27
1990 0 0 0 0 0 0 0 1 6 9 12 0 28 ¯
1991 0 0 0 0 0 0 0 2 5 7 7 0 21

Avg. 0 0 0 0 0 0 0 3 5 9 11 0 27
Pmt. 0 0 0 0 0 0 0 10 18 32 40 0 100
Max 0 0 0 0 0 0 0 3 6 9 13 0 31
Min 0 0 0 0 0 0 0 0 1 6 4 0 15
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Analysis of Average Weekly Diversion at TCC for GCID
1995 Hydrology
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Analysis of Annual TCC Diversion for GCID for
Project and No Project/No Action Alternatives !1995 Hydrology
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I
Analysis of Annual TCC Diversions for Refuges for

I Project and No Project/No Action Alternatives
1995 Hydrology
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Analysis of Average Weekly Diversion at TCC for GCID
2020 Hydrology
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Analysis of Annual TCC Diversion for GCID for
Project and No Project/No Action Alternatives

2020 Hydrology

70 Year Hydrologic Record Exceedance Probability
(1922-1991) (1922-1991)
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Analysis of Annual TCC Diversions for Refuges for
Project and No Project/No Action Alternatives

I2020 Hydrology

70 Year Hydrologic Record Exceedance Probability i
(1922-1991) (1922-1991)
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7.6 Groundwater
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GCID Groundwater Pumping
Existing Conditions
1995 Hydmlogy .,

1000 Acre Feet
water
year O~ Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep ~1

1922 0 0 0 0 0 0 14 0 0 0 0 0 14
1923 0 0 0 0 0 0 6 0 0 0 0 0 6
1924 0 0 0 0 0 0 11 0 0 0 0 0 11
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 2 0 0 0 0 2
1927 0 0 0 0 0 0 5 0 0 0 0 0 5
1928 0 0 0 0 0 0 0 2 0 0 0 0 2
1929 0 0 0 0 0 0 19 8 0 0 0 0 27
1930 0 0 0 0 0 0 5 3 0 0 0 0 8
1931 0 0 0 0 0 0 5 0 0 0 0 0 5
1932 0 0 0 0 0 0 7 0 0 0 0 0 7
1933 0 0 0 0 0 0 9 0 0 0 0 0 9
1934 0 0 0 0 0 0 5 0 0 0 0 0 5
1935 0 0 0 0 0 0 0 1 0 0 0 0 1
1936 0 0 0 0 0 0 11 0 0 0 0 0 11
1937 0 0 0 0 0 0 6 3 0 0 0 0 9
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 22 0 0 0 0 0 22
1940 0 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 0 2 0 2
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 15 0 0 0 0 0 15
1945 0 0 0 0 0 0 14 0 0 0 0 0 14
1946 0 0 0 0 0 0 20 2 0 0 0 0 22
1947 0 0 0 0 0 0 17 0 0 0 0 0 17
1948 0 0 0 0 0 0 0 0 0 0 15 0 15
1949 0 0 0 0 0 0 13 0 0 0 0 0 13
1950 0 0 0 0 0 0 17 2 0 0 0 0 19
1951 0 0 0 0 0 0 21 0 0 0 0 0 21
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 2 0 0 0 0 0 2
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 14 2 0 0 0 0 16
1956 0 0 0 0 0 0 13 0 0 0 0 0 13
1957 0 0 0 0 0 0 13 0 0 0 0 0 13
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 21 6 0 0 0 0 27
1960 0 0 0 0 0 0 15 0 0 0 0 0 15
1961 0 0 0 0 0 0 13 1 0 0 0 0 14
1962 0 0 0 0 0 0 17 3 0 0 0 0 20
1963 0 0 0 0 0 0 0 0 0 0 1 0 1
1964 0 0 0 0 0 0 22 5 0 0 0 0 27
1965 0 0 0 0 0 0 0 1 0 0 0 0 1
1966 0 0 0 0 0 0 18 1 0 0 ’ 0 0 19
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 16 3 0 0 0 0 19
1969 0 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 16 4 0 0 0 0 20
1971 0 0 0 0 0 0 22 0 0 0 0 0 22
1972 0 0 0 0 0 0 19 2 0 0 0 0 21
1973 0 0 0 0 0 0 10 0 0 0 0 0 10
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 1 0 0 0 0 0 1
1976 0 0 0 0 0 0 17 2 0 0 0 0 19
1977 0 0 0 0 0 0 11 0 0 0 0 0 11
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 8 0 0 0 0 0 8
1980 0 0 0 0 0 0 10 0 0 0 0 0 10
1981 0 0 0 0 0 0 3 0 0 0 0 0 3
1982 0 0 0 0 0 0 0 0 0 0 7 0 7
1983 0 0 "0 0 0 0 0 0 0 0 1 0 1
1984 0 0 0 0 0 0 19 1 0 0 0 0 20
1985 0 0 0 0 0 0 16 4 0 0 0 0 20
1986 0 0 0 0 0 0 5 1 0 0 0 0 6
1987 0 0 0 0 0 0 14 0 0 0 0 0 14
1988 0 0 0 0 0 0 16 0 0 0 0 0 16
1989 0 0 0 0 0 0 15 7 0 0 0 0 22
1990 0 0 0 0 0 0 22 0 0 0 0 0 22
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 9 1 0 0 0 0 10
Prct. 0 0 0 0 0 0 87 9 0 0 4 0 100
Max 0 0 0 0 0 0 22 8 0 0 15 0 27
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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GCID Groundwater Pumping
Project - Screen Only
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 19 6 0 0 0 0 24
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 9 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 2 0 0 0 0 0 2
1940 0 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 ~0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 O 0
1948 0 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 O 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0

i      0

0
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 6 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 O 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 9 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 ’0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 3 0 0 0 0 0 3
1991 0 0 0 0" 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 83 17 0 0 0 0 100
Max 0 0 0 0 0 0 19 5 0 0 0 0 24
Min 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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GCID Groundwater Pumping
Pro|ect w~th GF
1995 Hydrology

1000 A~e Feet
water
year O~ Nov Dec Jan Feb Mar Apt May Jun Jul Aug Sep to~l

1922 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 ~ 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 0 0 0
1942 o o o o o o o o o o o o
lg43 0 0 0 0 0 0 0 0 0 0 ’ 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0
194700000000000 0
1948 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
195100000000000 O
1952 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0
1969 0 0 0 0 0 0 0 0 0 0 0 0
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 "0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 1 0 0 0 0 0 1
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 100 0 0 0 0 0 100
Max 0 0 0 0 0 0 1 0 0 0 0 0 1
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
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GCID Groundwater Pumping
No Projec~No Action
1995 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 38 7 0 0 0 0 45
1923 0 0 0 0 0 0 20 18 0 0 0 6 38
1924 0 0 0 0 0 0 29 7 0 0 0 0 36
1925 0 0 0 0 0 0 4 0 0 0 0 0 4
1926 0 0 0 0 0 0 0 10 5 0 0 0 15
1927 0 0 0 0 0 0 14 10 0 0 0 0 24
1928 0 0 0 0 0 0 1 13 0 0 0 0 14
1929 0 0 0 0 0 0 51 26 0 0 0 0 77
1930 0 0 0 0 0 0 13 14 0 0 0 0 27
1931 0 0 0 0 0 0 23 0 0 0 0 0 23
1932 0 0 0 0 0 0 20 0 0 0 0 0 20
1933 0 0 0 0 0 0 28 2 0 0 0 0 30
1934 0 0 0 0 0 0 21 2 0 0 0 0 23
1935 0 0 0 0 0 0 0 8 2 0 0 0 10
1936 0 0 0 0 0 0 22 14 0 0 0 0 36
1937 0 0 0 0 0 0 14 15 0 0 0 0 29
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 64 14 0 0 0 0 78
1940 0 0 0 0 0 0 3 7 1 0 0 0 11
1941 0 0 0 0 0 0 0 0 9 0 0 0 9
1942 0 0 0 0 0 0 0 0 1 0 0 0 1
1943 0 0 0 0 0 0 4 10 0 0 0 0 14
1944 0 0 0 0 0 0 37 13 0 0 0 0 50
1945 0 0 0 0 0 0 32 11 0 0 0 0 43
1946 0 0 0 0 0 0 51 19 0 0 0 0 70
1947 0 0 0 0 0 0 45 18 0 0 0 0 63
1948 0 0 0 0 0 0 0 0 2 14 11 0 27
1949 0 0 0 0 0 0 26 10 0 0 0 0 36
1950 0 0 0 0 0 0 42 18 0 0 0 0 60
1951 0 0 0 0 0 0 51 6 0 0 0 0 57
1952 0 0 0 0 0 0 0 3 0 0 0 0 3
1953 0 0 0 0 0 0 13 4 0 0 0 0 17
1954 0 0 0 0 0 0 0 6 0 0 0 0 6
1955 0 0 0 0 0 0 34 20 0 0 0 0 54
1956 0 0 0 0 0 0 33 1 0 0 0 0 34
1957 0 0 0 0 0 0 30 6 0 0 0 0 36
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 56 23 0 0 0 0 79
1960 0 0 0 0 0 0 30 11 0 0 0 0 41
1961 0 0 0 0 0 0 27 14 0 0 0 0 41
1962 0 0 0 0 0 0 43 20 0 0 0 0 63
1963 0 0 0 0 0 0 0 5 9 0 0 0 14
1964 0 0 0 0 0 0 60 23 0 0 0 0 83
1965 0 0 0 0 0 0 0 11 0 0 0 0 11
1966 0 0 0 0 0 0 46 17 0 0 0 0 63
1967 0 0 0 0 0 0 0 1 0 0 0 0 1
1968 0 0 0 0 0 0 41 19 0 0 0 0 60
1969 0 0 0 0 0 0 0 2 0 0 0 0 2
1970 0 0 0 0 0 0 37 20 0 0 0 0 57
1971 0 0 0 0 0 0 50 2 0 0 0 0 52
1972 0 0 0 0 0 0 48 18 0 0 0 0 68
1973 0 0 0 0 0 0 17 12 0 0 0 0 29
1974 0 0 0 0 0 0 0 9 0 0 0 0 9
1975 0 0 0 0 0 0 5 2 0 0 0 0 7
1976 0 0 0 0 0 0 43 19 0 0 0 0 62
1977 0 0 0 0 0 0 33 0 0 0 0 0 33
1978 0 0 0 0 0 0 0 6 1 0 0 0 7
1979 0 0 0 0 0 0 23 14 0 0 0 0 37
1980 0 0 0 0 0 0 17 10 0 0 0 0 27
1981 0 0 0 0 0 0 18 11 0 0 0 0 29
1982 0 0 0 0 0 0 0 6 0 0 3 0 9
1983 0 0 ’0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 42 19 0 0 0 0 61
1985 0 0 0 0 0 0 39 20 0 0 0 0 59
1986 0 0 0 0 0 0 21 18 0 0 0 0 39
1987 0 0 0 0 0 0 37 18 0 0 0 0 55
1988 0 0 0 0 0 0 39 13 0 0 0 0 52
1989 0 0 0 0 0 0 38 24 0 0 0 0 62
1990 0 0 0 0 0 0 61 2 0 0 0 0 63
1991 0 0 0 0 0 0 2 3 0 0 0 0 5

Avg. 0 0 0 0 0 0 23 10 0 0 0 0 34
Prct. 0 0 0 0 0 0 68 29 1 1 1 0 100
Max 0 0 0 0 0 0 64 26 9 14 11 0 83
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
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GCID Groundwater Pumping
Project - Screen Only
2020 Hydr~ogy

1000 Acre Feet
water
year O~ Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep to~l

1922 0 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 ¯ 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 0 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 6 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0 0
1946 6 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 9 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 9 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 6 0 0 0 0 0 0 0 0 0 0
1958 0 0 r 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 6 0 0 0 0 0 0 0 0 0 0

1960 0 0 9 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0 . 0
1963 0 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 ,0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0! 0
1968 0 0 0 0 0 0 0 0 0 0 0 0, 0
1969 0 0 0 0 0 0 0 0 0 0 0 01 0
1970 0 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 6 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0 0
1978 ,0 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0 0
1980 0 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 0 0 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0 0
1983 6 0 "0 0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0 6
1986 0 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 4 0 0 0 0 0 4
1991 0 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0 0
Pr~. 0 0 0 0 0 0 100 0 0 0 0 0 100
Max 0 0 0 0 0 0 4 .0 0 0 0 0 4
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
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GCID Groundwater Pumping
Project with GF
2020 Hydrology

1000 Acre Feet
wa~r
year O~ Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1922 0 0 0 0 0 0 0 0 0 0 0 0
1923 0 0 0 0 0 0 0 0 0 0 0 0
1924 0 0 0 0 0 0 0 0 0 0 0 0
1925 0 0 0 0 0 0 0 0 0 0 0 0
1926 0 0 0 0 0 0 0 0 0 0 0 0
1927 0 0 0 0 0 0 0 0 0 0 0 0
1928 0 0 0 0 0 0 0 0 0 0 0 0
1929 0 0 0 0 0 0 0 0 0 0 0 0
1930 0 0 0 0 0 0 0 0 0 0 0 0
1931 0 0 0 0 0 0 0 0 0 0 0 0
1932 0 0 0 0 0 0 0 0 0 0 " 0 0
1933 0 0 0 0 0 0 0 0 0 0 0 0
1934 0 0 0 0 0 0 0 0 0 0 0 0
1935 0 0 0 0 0 0 0 0 0 0 0 0
1936 0 0 0 0 0 0 0 0 0 0 0 0
1937 0 0 0 0 0 0 0 0 0 0 0 0
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 0 0 0 0 0 0
1940 0 0 0 0 0 0 0 0 0 0 0 0
1941 0 0 0 0 0 0 0 0 0 0 0 0
1942 0 0 0 0 0 0 0 0 0 0 0 0
1943 0 0 0 0 0 0 0 0 0 0 0 0
1944 0 0 0 0 0 0 0 0 0 0 0 0
1945 0 0 0 0 0 0 0 0 0 0 0 0
1946 0 0 0 0 0 0 0 0 0 0 0 0
1947 0 0 0 0 0 0 0 0 0 0 0 0
1948 0 0 0 0 0 0 0 0 0 0 0 0
1949 0 0 0 0 0 0 0 0 0 0 0 0
1950 0 0 0 0 0 0 0 0 0 0 0 0
1951 0 0 0 0 0 0 0 0 0 0 0 0
1952 0 0 0 0 0 0 0 0 0 0 0 0
1953 0 0 0 0 0 0 0 0 0 0 0 0
1954 0 0 0 0 0 0 0 0 0 0 0 0
1955 0 0 0 0 0 0 0 0 0 0 0 0
1956 0 0 0 0 0 0 0 0 0 0 0 0
1957 0 0 0 0 0 0 0 0 0 0 0 0
1958 0 0 0 0 0 0 0 0 0 0 0 9
1959 0 0 0 0 0 0 0 0 0 0 0 0
1960 0 0 0 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0 0 0 0
1966 0 0 0 0 0 0 0 0 0 0 0 0
1967 0 0 0 0 0 0 0 0 0 0 0 0
1968 0 0 0 0 0 0 0 0 0 0 0 0:
1969 0 0 0 0 0 0 0 0 0 0 0

~1970 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0 0 0 0 0
1977 0 0 0 0 0 0 0 0 0 0 0 0
1978 0 0 0 0 0 0 0 0 0 0 0 0
1979 0 0 0 0 0 0 0 0 0 0 0 0
1980 . 0 0 0 0 0 0 0 0 0 0 0 0
1981 0 0 9 0 0 0 0 0 0 0 0 0
1982 0 0 0 0 0 0 0 0 0 0 0 0
1983 0 0 ’0 0 0 0 0 0 0 0 0 0
1984 0 0 0 0 0 0 0 0 0 0 0 0
1985 0 0 0 0 0 0 0 0 0 0 0 0
1986 0 0 0 0 0 0 0 0 0 0 0 0
1987 0 0 0 0 0 0 0 0 0 0 0 0
1988 0 0 0 0 0 0 0 0 0 0 0 0
1989 0 0 0 0 0 0 0 0 0 0 0 0
1990 0 0 0 0 0 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0 0

Avg. 0 0 0 0 0 0 0 0 0 0 0 0
Prct. 0 0 0 0 0 0 0 0 0 0 0 0
Max 0 0 0 0 0 0 0 0 0 0 0 0
Min 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT- SUBJECT TO REVISION November 1~ 1996
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GCID Groundwater Pumping
No Pro|ec~No Action
2020 Hydrology

1000 Acre Feet
water
year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep total

1922 0 0 0 0 0 0 35 8 0 0 0 43
1923 0 0 0 0 0 0 17 19 0 0 0 36
1924 0 0 0 0 0 0 24 6 0 0 0 30
1925 0 0 0 ~ 0 0 0 1 0 0 0 0 1
1926 0 0 0 0 0 0 0 9 3 0 0 12
1927 0 0 0 0 0 0 8 9 0 0 0 17
1928 0 0 0 0 0 0 0 13 0 0 0 13
1929 0 0 0 0 0 0 45 25 0 0 0 70
1930 0 0 0 0 0 0 9 12 2 0 0 23
1931 0 0 0 0 0 0 21 0 0 0 0 21
1932 0 0 0 0 0 0 16 0 0 0 0 16
1933 0 0 0 0 0 0 23 2 0 0 0 25
1934 0 0 0 0 0 0 18 2 0 0 0 20
1935 0 0 0 0 0 0 0 7 5 0 0 12
1936 0 0 0 0 0 0 16 14 0 0 0 30
1937 0 0 0 0 0 0 9 16 0 0 0 25
1938 0 0 0 0 0 0 0 0 0 0 0 0
1939 0 0 0 0 0 0 60 15 0 0 0 75
1940 0 0 0 0 0 0 0 7 3 0 0 0 10
1941 0 0 0 0 0 0 0 0 8 0 0 0 8
1942 0 0 0 0 0 0 0 0 1 0 0 0 1
1943 0 0 0 0 0 0 0 9 0 0 0 0 9
1944 0 0 0 0 0 0 32 13 0 0 0 0 45
1945 0 0 0 0 0 0 24 8 0 0 0 0 32
1946 0 0 0 0 0 0 46 18 0 0 0 0 64
1947 0 0 0 0 0 0 39 18 0 0 0 0 57
1948 0 0 0 0 0 0 0 0 2 16 13 0 31
1949 0 0 0 0 0 0 20 9 0 0 0 0 29
1950 0 0 0 0 0 0 36 19 0 0 0 0 55
1951 0 0 0 0 0 0 46 5 0 0 0 0 51
1952 0 0 0 0 0 0 0 3 0 0 0 0 3
1953 0 0 0 0 0 0 7 4 0 0 0 0 11
1954 0 0 0 0 0 0 0 6 0 0 0 0 6
1955 0 0 0 0 0 0 30 20 0 0 0 0 50
1956 0 0 0 0 0 0 28 1 0 0 0 0 29
1957 0 0 0 0 0 0 26 4 0 0 0 0 30
1958 0 0 0 0 0 0 0 0 0 0 0 0 0
1959 0 0 0 0 0 0 51 24 0 0 0 0 75
1960 0 0 0 0 0 0 23 11 0 0 0 0 34
1961 0 0 0 0 0 0 21 14 0 0 0 0 35
1962 0 0 0 0 0 0 34 21 0 0 0 0 55
1963 0 0 0 0 0 0 0 5 12 0 0 0 17
1964 0 0 0 0 0 0 57 23 0 0 0 0 80
1965 0 0 0 0 0 0 0 11 0 0 0 0 11
1966 0 0 0 0 0 0 39 16 0 0 0 0 55
1967 0 0 0 0 0 0 0 1 0 0 0 0 1
1968 0 0 0 0 0 0 34 20 0 0 0 0 54
1969 0 0 0 0 0 0 0 2 0 0 0 0 2
1970 0 0 0 0 0 0 31 20 0 0 0 0 51
1971 0 0 0 0 0 0 45 2 0 0 0 0 47
1972 0 0 0 0 0 0 41 18 0 0 0 0 59
1973 0 0 0 0 0 0 11 11 0 0 0 0 22
1974 0 0 0 0 0 0 0 9 0 0 0 0 9
1975 0 0 0 0 0 0 2 3 0 0 0 0 5
1976 0 0 0 0 0 0 39 20 0 0 0 0 59
1977 0 0 0 0 0 0 31 0 0 0 0 O 31
1978 0 0 0 0 0 0 0 6 2 0 0 0 8
1979 0 0 0 0 0 0 17 13 0 0 0 0 30
1980 0 0 0 0 0 0 11 9 0 0 0 0 20
1981 0 0 0 0 0 0 13 11 1 0 0 0 25
1982 0 0 0 0 0 0 0 6 0 0 4 0! 10
1983 0 0’ 0 0 0 0 0 0 0 0 0 01 0
1984 0 0 0 0 0 0 29 18 0 0 0 0 47
1985 0 0 0 0 0 0 34 21 0 0 0 0 55
1986 0 0 0 0 0 0 15 17 0 0 0 0 32
1987 0 0 0 0 0 0 32 18 0 0 0 0 50
1988 0 0 0 0 0 0 34 13 0 0 0 0 47
1989 0 0 0 0 0 0 33 24 0 0 0 0 57
1990 0 0 0 0 0 0 58 2 0 0 0 0 60
1991 0 0 0 0 0 0 0 3 0 0 0 0 3

Avg. 0 0 0 0 0 0 20 10 1 0 0 0 31
Prct. 0 0 0 0 0 0 64 32 2 1 1 0 100
Max 0 0 0 0 0 0 60 25 12 16 13 0 80
Min 0 0 0 0 0 0 0 0 0 0 0 0 0
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I
Analysis of Average Weekly GCID Groundwater Pumping

1995 Hydrology I
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Analysis of Annual GCID Groundwater Pumping for

¯ I
Project and No Project/No Action Alternatives
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I
Analysis of Average Weekly GCID Groundwater Pumping

2020 Hydrology I
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Analysis of Annual GCID Groundwater Pumping for
I Project and No Project/No Action Alternatives

2020 Hydrology
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I

FISH AND WILDLIFE SERVICE’S MISSION

The mission of the Fish and Wildlife Service is to conserve, protect, and
enhance the Nation’s fish and wildlife and their habitats for the
continuing benefit ofpeople~

I

BUREAU OF RECLAMATION’S MISSION

The mission of the Bureau of Reclamation is to manage, develop, and
protect water and related resources in an environmentally and
economically sound manner in the interest of the American public.

DEPARTMENT OF THE INTERIOR’S MISSION

As the Nation’s principal conservation ~agency, the Department of the
Interior has responsibility for most of our nationally-owned public lands
and natural resources. This includes fostering wise use of our land and
water resources; protection our fish, wildlife, and biol0gieal diversity;
preserving the environmental and cultural values of our national parks
and historical places; and providing for the enjoyment, of life through
outdoor recreation. The Department assesses our energy and mineral
resources and works to ensure that their develoPment .is in the best
interests of all our people by encouraging stewardship and citizen
participation in their care. The Department also has a major
responsibility for American Indian reservation communities and for
people who lived in island territories under U.S. Administration.

I
!
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
Sacramento Fish and Wildlife Office
3310 El Camino Avenue, Suite 130

~LV R~’ro~ Sacramento, California 95821-6340

December 24, 1997

Memorandum

To: Regional Director, U.S. Bureau of Reclarnation, Mid-Pacific Region,
Sacramento, California

From: Field Supervisor, Sacramento Fish and Wildlife Office, Sacramento, California

Subject: Glenn-Colusa Irrigation District’s Hamilton City Pumping Plant Fish Screen
Improvement Project, Glenn County, California--Fish and Wildlife Coordination
Act Report

This memorandum transmits the Fish and Wildlife Service’s (Service) Fish and Wildlife
Coordination Act (FWCA) report on the Glenn-Colusa Irrigation District’s Hamilton City
Pumping Plant Fish Screen Improvement Project.

This report assesses the effects of the proposed project on fish and wildlife resources and
identifies actions to mitigate adverse impacts. Effects to federally listed species have been
addressed through the Endangered Species Act section 7 consultation process. The biological
opinion is included in the FWCA report. This report was coordinated with the State and Federal
lead agencies and other cooperating agencies and is provided for inclusion in this project’s Final
Environmental Impact Report/Environmental Impact Statement.

If you have any questions regarding this report, please contact Steve Hirtzel of my staff at (916)
979-2733.

cc: FWS-AES, Portland, Oregon
U.S. Axmy Corps of Engineers, Sacramento, California
California Department of Fish and Game, Sacramento, California
National Marine Fisheries Service, Santa Rosa, California
Glenn-Colusa Irrigation District, Willows, California
California Department of Water Resources, Sacramento, California

!
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U.S. DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE

FISH AND WILDLIFE COORDINATION ACT REPORT

Glenn-Colusa Irrigation District Fish Screen
Improvement Project, Hamilton City

Pumping Plant, Glenn County, California

Prepared By
U.S. Fish and Wildlife Service

Sacramento Fish and Wildlife Office
Sacramento, California

Prepared For
U.S. Bureau of Reclamation

Mid-Pacific Region
Sacramento, California

&

U.S. Army Corps of Engineers
Sacramento District

Sacramento, California

December 1997

!
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EXECUTIVE SUMMARY

The Fish and Wildlife Coordination Act (FWCA) provides for the equal consideration of fish and
wildlife resources along with other project purposes on federally funded or permitted water
resource development projects. One of the primary purposes of the proposed fish screen
improvement project is to provide an acceptable level of fisheries protection at the Glenn-Colusa
Irrigation District’s (GCID) Hamilton City Pumping Plant, Glenn County, California. The
proposed project will contribute toward the goal of doubling the anadromous fish populations of
the upper Sacramento River. It will also improve GCID’s water delivery reliability to the
Sacramento National Wildlife Refuge Complex. The focus of this FWCA report is to assess
unavoidable adverse effects to fish and wildlife resources resulting from the construction and
operation of the proposed project. Mitigation and enhancement recommendations are provided
to the Bureau of Reclamation (Reclamation) and the U.S. Army Corps of Engineers (Corps).

GCID is the largest irrigation district in northern California. GCID provides water to
approximately 140,000 acres of irrigable land in addition to water deliveries to the Sacramento,
Delevan, and Colusa National Wildlife Refuges. The need for fisheries protection while
diverting water at GCID’s Hamilton City Pumping Plant has long been recognized. Previous
efforts, as early as the 1930’s, to provide acceptable fisheries protection have not been fully
successful.

High flow events in the early 1970’s cut offa river bend of the Sacramento River immediately
downstream of the Hamilton City Pumping Plant. This change in fiver alignment lowered the
water surface elevation at the rotary drum screen facility at the pumping plant. That, along with
other design shortcomings, limited the fish protection capability of the screen facility, which was

in 1972.completed

Activities to maintain diversion capabilities at the Hamilton City Pumping Plant in the late
1980’s and early 1990’s subjected GCID to regulatory actions under the Clean Water Act and the
Endangered Species Act. These regulatory actions imposed pumping restrictions and required
implementation of a long-term solution to include construction of a "state-of-the-art" fish screen.

Reclamation and the Corps have assumed a joint-lead agency role in preparing the
Environmental Impact Statement (EIS). The Corps, under Congressional authority (Public Law
101-101) granted in 1989, has primary responsibility for the riverbed gradient restoration
component of the project. Earlier efforts to restore the fiver gradient were halted until a new fish
screen facility was constructed.

Section 3406(b)(20) of the Central Valley Project Improvement Act (CVPIA; Public Law 102-
575) authorized and directed the Department of the Interior to participate in the ongoingprogram
to mitigate fully for the fishery impacts associated with the operation of GCID’s Hamilton City
Pumping Plant. Replacement of the defective fish screens and fish recovery facilities associated
with the pumping plant was specifically identified.

C--086226
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Under the CVPIA, Reclamation is the lead Federal agency responsible for the fish screen design
and the overall project. The California Department ofFish and Game and GCID are co-lead
agencies for the purposes of the California Environmental Quality Act. In addition, the
California Department of Water Resources, the National Marine Fisheries Service, and the Fish
and Wildlife Service (Service) have been involved as cooperating agencies at both the technical
and management levels of project review and decision making.

The multi-agency planning effort has identified the extension of the existing flat-plate screen,
construction of an overflow control structure/bridge to replace the seasonal crossing and culverts
currently used to access Montgomery Island, modification of the bypass channel, and gradient
restoration as the preferred long-term solution. Three intermediate fish bypasses will discharge
into the lower oxbow channel downstream from the screen. The gradient facility is designed to
insure adequate water surface elevations at the fish screen and to provide the head differential to
meet bypass velocities in the open channel bypass or intermediate, piped bypass system. The
gradient facility is sized to allow for future extension of the intermediate bypass system to
discharge into the Sacramento River, if needed.

This report provides recommendations to mitigate unavoidable adverse impacts to fish and
wildlife resources. Of particular concern is the loss of Shaded Riverine Aquatic (SPA) Cover.
This habitat has been classified as Resource Category 1 under the Service’s Mitigation Policy.
Resource Category 1 designates habitats that are unique and irreplaceable. No loss of existing
habitat value is the recommended mitigation goal.

Some unavoidable loss of SPA Cover value must occur to construct the proposed project. The
Service has considered this loss in relation to the project’s overall benefit to biological resources.
An environmental commitment by the lead agencies to compensate for SPA Cover losses would
make these losses more acceptable to the Service. The establishment of woody riparian
vegetation on natural erodible banks provides the best biological replacement of lost SPA Cover
values. Effects to federally listed species have been addressed separately through Section 7
consultation (Appendix D) pursuant to the Endangered Species Act of 1973, as amended.

Incorporation of the gradient facility as an integral project feature adds an element of
environmental uncertainty because; 1) long-term effects on river dynamics are difficult to
predict; and 2) fish passage performance has not been proven. Agreement needs to be reached
among the involved agencies to deterrM.ne evaluation criteria and remedial actions for the
proposed project to insure adequate fisheries protection is achieved for the life of the project.
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INTRODUCTION

This is the Fish and Wildlife Service’s (Service) Fish and Wildlife Coordination Act (FWCA)
report on the effects the proposed fish screen improvement project at the Glenn-Colusa Irrigation
District’s (GCID) Hamilton City Pumping Plant (HCPP)~would have on fish and wildlife
resources. This report has been prepared under the authority, and in accordance with Section
2(b) of the FWCA (Public Law 85-624; 16 U.S.C. 661-667e). This report has been coordinated
with the Service’s Sacramento National Wildlife Refuge Complex and the Northern Central
Valley Fish and Wildlife Office in Red Bluff, California. The California Department of Fish and
Game and the National Marine Fisheries Service have reviewed this report and their concurrence
letters are presented in Appendix A.

The purpose of the FWCA is to give equal consideration to the preservation, conservation, and
enhancement of fish and wildlife resources along with other project purposes on federally funded
or permitted water resource d~velopment projects. The purpose of the proposed project is to
minimize losses of all fish in the vicinity of the HCPP, including endangered winter-run chinook
salmon and to enable GCID to divert the full extent of its existing water rights to meet its water
supply delivery obligations (SWRI 1997b). Secondary benefits to wildlife resources are likely to
occur by the improved reliability and quantity of water delivered to the Sacramento, Delevan,
and Colusa National Wildlife Refuges.

Effects on fish and wildlife resources, with and without the project, are assessed in this report.
Impacts to federally-listed or proposed species, have been addressed under the Endangered
Species Act of 1973, as amended (ESA) (Appendix D). The Service’s analysis is based on
biological and engineering information provided by the State and Federal lead and cooperating

December 1 1997. This evaluation is also basedsite visits theagenciespriorto 0, report’s on to
project area; review of project-related literature; personal communications with recognized
experts; and best professional judgement.

The Service’s Mitigation Policy (Federal Register 46:15; January 23, 1981) provides internal
guidance for identifying appropriate mitigation recommendations. Under the Mitigation Policy, ~
resources are divided inio four categories to assure that recommended mitigation is consistent
with fish and wildlife habitat values affected by a project. The categories range from habitat
values considered to be unique and irreplaceable (Resource Category 1) to those believed to be of
relatively low value (Resource Category 4). How a proposed action affects selected evaluation
species occupying these habitats determines the mitigation the Service will seek for the project.
In addition, the Service has a Regional policy of"no net loss of wetland values or acreage"
whichever is greater.

Each of the four resource categories has criteria with specific mitigation goals (Table 1). The
planning goal of Resource Category 2 is "no net loss of in-kind habitat value"; to achieve this
goal, any unavoidable losses would need to be replaced in-kind. As defmed in the Service’s
Mitigation Policy, "in-kind replacement" means providing or managing substitute resources to
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replace the habitat value of the resources lost, where such substitute resources are physically and
biologically the same or closely approximate those lost.

Table 1. Fish and Wildlife Service Mitigation Policy; Resource Categories and
mitigation planning goals.

RESOURCE DESIGNATION CRITERIA MITIGATION PLANNING GOAL
CATEGORY

1 High value for evaluation species No loss of existing habitat value.
and unique and irreplaceable.

2 High value for evaluation species No net loss of in-kind habitat value.
and scarce or becoming scarce.

3 High to medium value for No net loss of habitat value while
evaluation species and abundant,minimizing loss of in-kind habitat value.

4 Medium to low value for Minimize loss of habitat value.
evaluation species.

applying the Mitigation Policy during an impact assessment, the Service first identifies eachIn
specific habitat or cover type that may be impacted by the project. Evaluation species which
utilize each habitat or cover type are then selected for Resource Category determination.
Selection of evaluation species can be based on several rationales, including; 1) species known to
be sensitive to specific land and water use actions; 2) species that play a key role in nutrient
cycling or energy flow; 3) species that utilize a common environmental resource; or 4) species
that are associated with important resource problems, such as anadromous fish and migratory
birds, as designated by the Director or Regional Directors of the Fish and Wildlife Service.

Evaluation species used for Resource Category determinations may differ from the evaluation
species used in a Habitat Evaluation Procedures (HEP) analysis. This is largely due to the
availability of Habitat Suitability Index (HSI) models for a species. Finally, based on the
relative importance of each specific habitat to its selected evaluation species, and the habitat’s
relative abundance, uniqueness and replaceability, the appropriate Resource Category and
associatedmitigation planning goal are determined.

Recommendations to mitigate unavoidable adverse impacts, as well as to enhance fish and
wildlife resources, are provided. This report supersedes previously completed reports and other
correspondence prepared by the Service on this project. Furthermore, our findings and
recommendations would need to be updated should the proposed project change following the
completion of this report.

!
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PROJECT BACKGROUND

GCID operates the HCPP on the Sacramento River, in Glenn County, California (Figure 1). The
HCPP has a pumping capacity of 3,000 cubic feet per second (cfs) and is the major point
of diversion to supply water to the GCID service area. GCID claims pr~-1914 water rights in
excess of one million acre-feet (GCID 1995). Under a 1964 water rights settlement contract with
Reclamation, GCID diverts irrigation water from the Sacramento River at the HCPP. GCID
water supply sources include: 720,000 acre-feet of prior fights (base supply) Sacramento River
water; Valley Project (CVP) water; Stony recaptured105,000acre-feetof Central contract Creek;
agricultural drain water; and groundwater.

Irrigated crop acreage served by GCID has averaged 96,370 acres from i 986-1995 and have
ranged from 84,830 acres to 125,390 acres in 1992 and 1994, respectively (GCID 1996). An
additional 13,000-15,000+ acres at the Sacramento, Delevan, and Colusa National Wildlife
Refuges receive water on an as-available basis via both GCID and Tehama-Colusa Canal
facilities. The GCID service area and adjacent federal wildlife refuges are shown in Figure 2.

The need for fishery protection at the HCPP has long been identified. A fish screen was first
constructed in 1935. Construction of a new rotary drum screen facility began in 1969. In 1970,
the cut off of a river bend immediately downstream of the HCPP adversely affected the
performance of the rotary drum screens. The water surface elevation at the screen facility
dropped below the design standards and reduced screen hydraulic performance. The reduced
fiver gradient lowered water velocities past the screen and in the bypass, channel, subjecting
juvenile fish to increased predation, entrainment, and impingement at and near the screens.
Design problems also limited the effectiveness of the screens and bypass system.

To improve hydraulic conditions at the site, GCID applied for a Clean Water Act (CWA) Section
404 permit to dredge the intake channel in 1976 (CH2M Hill 1989). A 10-year permit was
issued by the Corps. As a result of sedimentation in the oxbow channel and fiver gradient
changes, reverse flows occurred in the lower oxbow (bypass) channel in~ 1984. In July 1986,
GCID applied for an extension of the CWA Section 404 permit for another 10-years. GCID was
issued an interim permit in March 1988 that expired in December 1989. Permit conditions were
imposed on GCID for anadromous fish protection through this regulatory process. The interim
permit set pumping rates, bypass flows, and approach velocities, and required GCID and CDFG
to jointly identify a long-term solution to protect fish.

The subsequent planning process identified and evaluated ten alternatives for the long-term
solution (CH2M Hill 1989). The recommended alternative was to build a new fish screen facility
near the mouth of the intake channel in combination with river gradient restoration. In 1989,
Congress authorized the Corps to construct a facility (i.e., gradient restoration facility) to restore
the riverbed gradient in the vicinity of the GCID intake to restore pre-1970’s fiver conditions. It
was determined that construction of a gradient restoration facility should not proceed without
replacement of the rotary drum screens.
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Source: Vogel and Marine 1995 ~

Figure 1. The location of the Glerm-Colusa Irrigation District’s Hamilton City Pumping Plant
on the Saeramento River.
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Source: SWRI 1996b
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Also in 1989, the California Department of Fish and Game (CDFG) listed winter-run chinook
salmon as endangered under the California Endangered Species Act (CESA). The National
Marine Fisheries Service (NMFS) listed winter-run chinook salmon as threatened under an
emergency rule of the Federal ESA in 1989. A final rule listing winter-rtm as threatened was
published in 1990. In 1994, NMFS reclassified winter-run chinook salmon as endangered.

In 1990, GCID, CDFG, and the California Department of Water Resources (DWR) entered into
an agreement to conduct the studies necessary to construct a new screen facility. Six alternatives
were evaluated (HDR 1994). A preferred alternative was not identified, but it was concluded that
any of the six alternatives evaluated would improve the existing fish screening conditions at
GCID. None of the alternatives were constructed.

In 1991, the United States brought action pursuant to the ESA to enjoin GCID from diverting
Sacramento River water at the HCPP during the downstream migration period of winter-run
chinook salmon. As a result of this action, a stipulated agreement was reached on March 17,
1992. Under the terms and conditions of the stipulated agreement, GCID was allowed to pump
water on a restricted basis in exchange for its commitment to implement a long-term solution to
correct existing fish protection problems at the HCPP.

Following completion of an ESA Section 7 consultation and the issuance of a biological opinion
from NMFS, on June 5, 1992, the Corps issued a 1-year permit to GCID that authorized dredging
and other construction activities identified as terms and conditions in the stipulated agreement.
Construction of a training wall, recortfiguration of the lower oxbow channel leading back to the
Sacramento River, and additional maintenance dredging near the screens was completed by
GCID by mid-July 1992.

In September 1992, the Corps initiated consultation with NMFS concerning a new GCID permit
application to conduct maintenance dredging and other activities at its facility over a 3-year
period (1993-95). On April 22, 1993, NMFS issued a jeopardy biological opinion to the Corps.
The Department of Justice and GCID signed an amended stipulated agreement in June 1993 that
allowed continued operations. This new agreement, in conjunction with the biological opinion,
restricted pumping activities at the HCPP, required various types of monitoring, and committed
GCID to the implementation of a long-term solution to protect winter-run chinook salmon at the
HCPP. Following issuance of the Corps permit, GCID conducted maintenance activities in
accordance with the requirements of the biological opinion, and subsequently began pumping
water on a restricted basis beginning on August 1, 1993.

The Central Valley Project Improvement Act (CVPIA; Public Law 102-575) was signed in
October 1992. Pursuant to Sections 3406(b)(20) and 3410 of the Central Valley Project
Improvement Act, the Secretary of Interior is authorized and directed to participate with the State
of California and other federal agencies in the implementation of the ongoing program to fully
mitigate the fishery impacts associated with the operation of the pumping plant. Under the
CVPIA, Reclamation assumed the role of lead Federal agency for the proposed project.
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Additional background information can be found in CH2M Hill (1989), HDR (1994), USBR
(1996), and SWRI (1997a).

PROJECT ALTERNATIVES

The CVPIA planning process has focused on three major screen configurations: I) a new
multiple-bay screen near the upstream end of the intake channel; 2) a multiple-bay screen at the
existing screen location; and 3) extension of the existing fiat-plate screen. Other major
components of the alternatives included closed bypass pipelines with an outfall either in the
oxbow channel or the fiver, use of pumps (Archimedes or centrifugal) or riverbed gradient
restoration to drive bypass flows, and modification of the lower oxbow channel.

Decisions at the technical and agency management levels have dismissed from further review the
multiple bay screen designs at the existing location or at the upstream end of the intake channel.
Plan drawings of these two alternatives are included in Appendix E. These alternatives were
dismissed due to environmental, economic, engineering, and/or operational shortcomings. A
more detailed justification of why alternatives were eliminated from further consideration is
provided in USBR (1996).

The remaining alternatives include incremental variations of the flat-plate screen extension
alternative at the existing diversion site. In December 1996, the Agency Management Group
endorsed the preferred alternative (Figure 3) identified by the Technical Advisory Group. The
major features of the preferred alternative are:

¯ Extension of the interim flat-plate screen an additional 575 feet upstream for a total
of about 1 feet.lengthscreen

¯ Modification of the lower oxbow (bypass) channel into a rip-rapped trapezoidal channel
to improve hydraulics.

¯ Three intermediate fish bypasses along the face of the screen with the piped outfall to the
lower oxbow channel.

¯ An adjustable, laminar flow control structure at the downstream end of the fish screen
and removable bridge that replaces the culverts that are seasonally placed to access
Montgomery Island.

¯ Construction of a gradient facility in the mainstem Sacramento River.

The gradient facility increases the hydraulic gradient between the upstream and downstream ends
of Montgomery Island. The gradient facility is sized to maintain a design water surface elevation
at the fish screen and to provide the head for the open channel and intermediate, piped bypass
systems with the contingency of a piped bypass outfall in the river.
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"SCREEN EXTENSION WITH GRADIENT FACILITY AND INTERNAL FISH BYPASS WITH RETURN TO OXBOW ALTERNATIVE
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The gradient facility design is based on a "natural riffle" concept (RCE 1994). The length of the
gradient facility would be about 1,400 feet. The gradient facility would consist of a thalweg
channel on the west side of the river and a shallower "riffle" on the east side (Figure 4). Bank
revetment would extend upstream and downstream of the gradient facility.

Reclamation’s Conceptual Design Study (USBR 1996) provides detailed descriptions of the
alternatives evaluated. The draft Technical Memorandum (Ayres 1996b) provides a description
and an analysis of the gradient facility.

EXISTING CONDITIONS

The local project area includes the proposed fish screen facility and potential bypass ouffall in
the river, the gradient facility, and the access roads and staging areas directly affected by
construction and operation of the project. Figure 5 delineates the local project area and the
existing facilities.

Project Features/Operations

The HCPP has a pumping capacity of3,000 cfs. The rotary drum screens completed in 1972
were replaced with a flat-plate screen in 1993, as an interim measure to reduce fishery losses at
the HCPP. The screen is constructed of 3/32-inch opening wedge wire mesh. Two 18-inch wide
intermediate fish bypass entrances are located along, and extend the height of the screen. The
internal bypass system returns fish to the oxbow channel approximately 300 feet downstream of
the screen below the seasonal weir. The seasonal earthen weir is located immediately
downstream of the fish screen and is constructed to access Montgomery Island for dredging of
the intake channel. The seasonal earthen weir is installed over a permanent weir in the spring
and is modified in mid-July based on flow, fish passage, and island access needs. Water passes
through the earthen dam via three 6 to 7-feet diameter culverts, and over a broad-crested weir.

Operation of the flat-plate screen is dictated by the settlement conditions specified in the 1992
Joint Stipulation of Parties and Order Thereon, as amended (Amended Joint Stipulation) and
permit conditions issued subsequent to section 404 of the Clean Water Act.

Terms and conditions of the Amended Joint Stipulation and the section 404 permit include, but
are not limited to, minimum bypass flows that must be maintained at various pumping rates,
monitoring of flows and fish screen approach velocities, and reduction in pumping for five days
following smolt releases from the Coleman National Fish Hatchery (CNFH). These conditions
are summarized in Table 2. The Amended Joint Stipulation is to remain in effect until ESA
Section 7 consultation with NMFS occurs for the long-term solution.
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Figure 4. Conceptual design of the Gradient Facility.
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|
Table 2. Hamilton City Pumping Plant operating criteria. ~!i

404 Permit Stipulated Settlement i
(December 1 through July 31) (August 1 through November 30)

River and bypass River and bypass I~
QR~9,500 cfs QB~500 cfs QR~4,000 cfs Q B~500 cfs

7,000cfs<Qg<9,500 cfs Q~400 efs            Qg<4,000 cfs    Q B~200 cfs
QR<7,000 cfs Q~300 cfs                                                         ~

Coleman NFH release Qs~500 cfs

Approach velocity_                         Approach velocity_
Q~>7,000 cfs Va<0.60 fps                   All river flows Va<0.33 fps
QR<7,000 cfs ’ Va<0.50 fps

Coleman NFH releaseV,<0.40 fps

Qg = Sacramento River flow at north end of Montgomery Island
QB = Lower oxbow bypass flow
V~ = Approach velocity at fish screens

Source: Reclamation 1996.

The Clean Water Act section 404 permit authorizes GCID to perform maintenance dredging in
the oxbow channel. The dredging consists of: 1) dredging of the channel upstream of the pump
station; 2) dredging of the bypass channel; 3) placement of fill material to maintain the low-water
crossing/weir below the interim fiat-plate screen; and 4) maintaining the training wall opposite
the screen.

Dredging occurs each year, if needed, after high winter flows have subsided and prior to July 1.
The estimated volume of dredged material is between 10,000 and 120,000 cubic yards,
depending on winter flows (GCID 1995b). Dredged material from the intake channel is
deposited on Montgomery Island. Draglines are not to be used during the 5-day period when
Coleman National Fish Hatchery smolts are released. Dredging is not to occur within 50 feet of
the right bank of the Sacramento River or the intake channel to avoid impacting bank stability.

Diversions of base supply water at the HCPP have declined due to pumping restrictions. The
historic and current diversion patterns at the HCPP are shown in Figure 6. Sources of GCID
water include: 720,000 acre-feet of base supply water from the Sacramento River and Stony
Creek; 105,000 acre-feet per year of CVP contract water from the Sacramento River; additional
water that can be purchased from Reclamation under Contract 855A; recaptured agricultural
runoff water; and groundwater.
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The CVP contract water is diverted both at the HCPP and the Tehama-Colusa Canal, depending
on water supply conditions, irrigation demands, and other operational considerations. Before
entering into a 1964 water fight settlement contract with Reclamation, GCID had attempted to
meet some of its demands from Stony Creek. The GCID diversions from Stony Creek occur
primarily when GCID’s diversion dam/canal levee across Stony Creek is in place, generally
March through October, and by the terms of the 1964 water fight settlement contract with
Reclamation.

The GCID has contracts with Reclamation and the Service for refuge water supply. The two
contracts with Reclamation make 30,000 acre-feet and 25,000 acre-feet of water available to
GCID to wheel to the Delevan and Colusa National Wildlife Refuges, respectively. Both
contracts expire in 2004. The contract with the Service is for GCID delivery of up to 105,000
acre-feet annually with a 25% conveyance loss. This water is currently delivered to the
Sacramento, Delevan, and Colusa National Wildlife Refuges on an as-available basis. Refuge
deliveries from 1986-1995 averaged 48,030 acre-feet per year (GCID 1996). This is the quantity
diverted at the HCPP and doesn’t include the conveyance loss. The GCID delivers additional
refuge water outside of the April-October contract period. Optimal wetland habitat at the
Refuges requires 50,000, 30,000 and 25,000 acre-feet at Sacramento, Delevan, and Colusa
Refuges, respectively, for a total of 105,000 acre-feet of water per year. This is the Level 4 water
quantity identified in the CVPIA.

Aquatic Resources

Aquatic habitats and cover types in the project area include Shaded Riverine Aquatic (SRA)
Cover, rivefine, and fresh emergent marsh habitats.

Shaded Riverine Aquatic Cover is defined as the unique, nearshore aquatic area occurring at
the interface between a fiver (or stream) and adjacent woody riparian habitat (USFWS 1992a).
Key attributes of this aquatic area include the adjacent bank being composed of natural, eroding
substrates supporting riparian vegetation that either overhangs or protrudes into the water. The
water contains variable amounts of woody debris, such as leaves, logs, branches and roots, and
often substantial detritus. Often much of the instream vegetation consists of dead woody debris
that has fallen from the overhanging riparian vegetation. However, whole trees, which
periodically become dislodged from the adjacent eroding banks, often also contribute to the
instream structure of SRA Cover. Water velocities, depths, and flows are variable.

Anadromous salmonids occur in SRA Cover, with juvenile fish finding forage and protective
cover from predators. This habitat type also provides cover, foraging, and breeding areas for
belted kingfisher, wood duck, great blue heron, black-crowned night heron, beaver, fiver otter,
and numerous reptiles and amphibians. Naturally eroding banks also provide nesting sites for
bank swallows when suitable soil substrates occur.
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The evaluation species for SRA Cover are chinook salmon and Northwestem pond turtle.
Studies conducted by the Service (DeHaven 1989), showed juvenile chinook salmon densities

t were higher in areas with SRA Cover than adjacent reverted banks. Northwestem pond turtles
were selected as an evaluation species, due to their habitat requirements for slackwater type
habitat with instream cover for basking and resting. The Service designated SRA Cover along
the Sacramento River from Keswick Dam (River Mile 302) to Rio Vista (River Mile 13) as
Resource Category 1 (FWS 1992a). The mitigation planning goal is no loss of existing habitat
value. SRA Cover meeting the Resource Category 1 designation under existing conditions is
shown in Figure 7.

Riverine habitat is defined primarily by water depth, temperature, velocity, and substrate. Crossi sectional channel profile, velocities, and depths in the local project area vary from year to year.
Average monthly Sacramento River flows range from about 7,000 cfs in October to about 18,000
cfs in February (SWRI 1997a). Additional hydrology data is available in Reclamation’s
Conceptual Design Study (USBR 1996) and the EIR/EIS (SWRI 1997a). The dverine habitat in
the oxbow channel is affected by dredging and channel ma’mtenanee activities.

SWRI (1997a) listed 30 fish species from 13 different families that may occur in the project area.
The Sacramento River supports four runs of chinook salmon (spring, fall, late-fall, and winter)

I and steel_head. The chinook salmon runs are characterized by their distinct seasonal peaks for
upstream migration and spawning. Juvenile outmigrants are found in the local project area
throughout the year (Figure 8).

Striped bass, American shad, and green and white sturgeon are other anadromous fish
specifically targeted for management actions under the CVPIA that occur in the local project
area. Sacramento squawfish, a potentially significant predator of salmon fry and juveniles, also
are present. Additional life history information for chinook salmon, steelhead, striped bass,
American shad, and Sacramento squawfish is presented in SWRI (1997a).

The evaluation species for riverine habitat are chinook salmon and green sturgeon. Chinook

I salmon and sturgeon were selected based on their high public and resource agency interest for
management protection and restoration. The Service has classified riverine habitat as Resource
Category 2 due to potential fish passage concerns that may restrict anadromous fish species’ use

~ i
of the Sacramento River upstream of the HCPP.

Fresh Emergent Marsh: Approximately 2.3 acres of wetland habitat was delineated along the
eastern side of the gravel bar opposite Montgomery Island (SWRI 1997a). Emergent wetlands in
the project area are characterized by non-woody emergent vegetation, including cattails, rushes
(Juncus spp.), and sedges (Cyperus spp.). Wetland habitats also predominate the Sacramento,

I Delevan, and Colusa National Wildlife Refuges, supporting waterfowl and other
wintering/migratory waterbirds, as well as providing habitat for terrestrial species like the giant

i garter snake. Two marsh-nesting passerine birds, the marsh wren and red-winged blackbird,
were chosen as evaluation species. The marsh wren and red-winged blackbird are passerine
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Figure 7. Delineation of Reso~ee Catego~ 1 Shaded ~verine Aquatic Cover under existing
conditions in the local project.

C--086245
(3-086245



I

MONTH                                                  "
RUN APRI MAY JUNI JUL SEP OCT INOV DEC °"

WINTER "

SPRING

FALL I

k~TE

Shaded areas indicate when fry < 40 mm may be present at HCPR

I
Unshaded areas delineate when juveniles larger than 40 mm may be ¯present at the HCPP Fish Screen.
Fish larger than 40 mm may also occur with fr~.
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species which nest and feed in emergent wetlands. Both evaluation species are species for which
the Service has management responsibility under the Migratory Bird Act.

In the Central Valley ecoregion, emergent wetlands are relatively scarce, and are of high value to
the evaluation species. Thus, emergent marsh habitat has been designated Resource Category 2.
The mitigation planning goal is "no net loss of in-kind habitat". The Service’s Regional
Wetlands Policy also recommends no net loss of in-kind acreage or habitat values, whichever is
greater.

Terrestrial Resources

following terrestrial habitat types are found within the local project area; riparian forest,The
natural erodible shoreline, gravel bars, grasslands, and orchard/field crops. Areas, such as
parking lots, work areas, and access roads that have little habitat value were delineated as
disturbed areas. Giant reed (Arundo donax) occurs in the disturbed area near the existing training
wail. Giant reed is a non-native invasive plant that spreads quickly by vegetative means. It out
competes native riparian vegetation and results in monotypic stands with reduced wildlife habitat
value.

Riparian forest historically occurred throughout the Sacramento Valley along permanent and
intermittent waterways. Agricultural and urban development has significantly reduced riparian
forest acreage. By 1972, the acreage of riparian forest along the Sacramento River between
Redding and Colusa had decreased by 34 percent (Beak 1994). Typical riparian trees are
California sycamore, valley oak, and cottonwood, with box elder, white aider, poison oak, wild
rose, elderberry, and willows largely comprising the mid-story. Forbs and grasses comprise the
understory.

The diversity of riparian vegetation makes it suitable to a variety of terrestrial species. Riparian
vegetation in the project area provides essential nesting, resting, and feeding habitat for these and
other animals. The extensive tree canopy and dense understory provide nesting and foraging
habitat for numerous bird species. Large and small mammals, and reptiles and amphibians use
riparian habitat for resting, breeding, feeding and as a migration corridor between isolated
populations. Dispersal is an especially important habitat component for reptiles and amphibians,
which often have isolated populations.

The evaluation species for riparian forest include orange-crowned warbler, an indicator species
for other passerines (songbirds) in the area; sharp-shinned hawk, to represent species which need
large-diameter trees for nesting sites; and cottontail rabbits, to assess habitat affording food,
nesting, and cover for small mammals, which also provide prey for many other species..Riparian
zones are of high value as migration corridors. The riparian cover in the project area is Resource
Category 2 because it is of high value to the evaluation species and is relatively scarce in the
region. Our mitigation planning goal for riparian forest is no net loss of in-kind habitat value.
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Natural erodible shoreline is the area along the land/water interface that does not have all the
attributes of Resource Category 1 SRA Cover, under existing conditions. Generally what is
lacking is the woody riparian vegetation adjacent to or overhanging the water. Natural erodible
shoreline maintains a river’s ability to meander. River meandering is critical to the fiver
ecosystem process because it allows for: 1) the creation and maintenance of higher valued SRA
Cover and riparian forest; 2) the recruitment and deposition of soil and gravel substrates; and 3)
the creation of habitat suitable for bank nesting or burrowing species, such as bank swallows,
belted kingfishers, and beavers.                                 ,

The evaluation species for natural erodible shoreline are chinook salmon, beaver, and bank
nesting birds. Given the ecological importance of natural erodible shoreline in the functioning of
the fiver ecosystem and the intensity of river ecosystem restoration through the SB 1086,
CALFED, and CVPIA programs, we have designated it a Resource Category 2.

Gravel bars occur naturally at the upstream end of Montgomery Islandand along the east bank
of the Sacramento River opposite Montgomery Island. Maintained gravel bar habitat exists
along the Montgomery Island shore of the lower oxbow channel. This habitat type provides
feeding and nesting habitat for shorebirds. Gravel bars may remain barren or become vegetated
by willows and other early successional vegetation, depending on the frequency of high fiver
flows. If conditions allow for soil deposition, the establishment of mature cottonwood forests
may occur. The evaluation species selected is the spotted sandpiper. The Service has designated
this habitat Resource Category 3, because of its fluctuating value and abundance dependant on
fiver dynamics.

Grassland habitat is predominantly wild oats, red and dpgut brome, soft chess, wild barley and
foxtail rescue. Grasslands also vernal pools and forbs, including clovers and broadleafsupport

filaree. Grassland habitat supports the common garter snake, gopher snake, western fence lizard,
and the western rattlesnake. Grassland also provides forage for the red-tailed hawk, American
kestrel and golden eagle, as well as the turkey vulture and prairie falcon. Deer, coyote, gray fox,
and skunk also utilize this habitat type. Bird use includes passerine and game birds. The short-
eared owl is the selected evaluation species. Grassland habitats were classified as Resource
Category 3 due to its degraded condition in the local project area due to the presence of yellow-
star thistle.

Croplands/Orchards: The primary orchard crop in the local project area is English walnut.
Other crops in the GCID service area include rice, tomatods, sugar beets, alfalfa, corn, and
clover/pasture. The fice-growing areas and other flooded crops support waterfowl, while other
crops provide cover for pheasants and other game birds. The waste grains following harvest
provide forage for waterfowl. Mourning doves were selected as the evaluation species because
of their use of orchards and croplands for feeding, nesting, and roosting. Croplands and orchards
were classified as Resource Category 4 due to the abundance of this habitat in the project vicinity
and the Sacramento Valley.
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Table 3 summarizes the existing conditions by habitat type including evaluation species and
Resource Category determinations. Figure 9 shows the location of these habitats in the local
project area.

Table 3. Habitat/cover types with baseline conditions, evaluation species, and Resource Category
determinations occurring in the Hamilton City Pumping Plant local project area.

HABITAT/COVER TYPE BASELINE EVALUATION SPECIES RESOURCE
ACREAGE CATEGORY

Shaded Riverine Aquatic Cover 3.3 (14,441 ft) Chinook Salmon, NW Pond Turtle 1

Riverine 92.0 Chinook Salmon, Green Sturgeon 2

Fresh Emergent Marsh 9.2 Marsh Wren, Red-winged Blackbird 2

Riparian Forest1 230. I Orange-crowned Warbler, Sharp- 2
shinned Hawk, Cottontail Rabbit

Natural erodible shoreline 2.4 (10,335 ft) Chinook Salmon, Beaver, Bank 2
Swallow, Belted Kingfisher

Gravel Bar 25.9 Spotted Sandpiper 3

Grassland 60.7 Short-eared Owl 3

Cropland/Orchard 35.6 Mourning Dove 4
1Riparian includes 3.1 acres of scrub willow habitat

Special Status Species

Federally listed, proposed, and candidate species and species of concern that may occur in the
area or may be affected by the project are listed in Appendix B. Appendix C provides a
summary of a Federal agency’s responsibilities under Section 7(a) and (c) of the ESA. Impacts to
federally-listed or proposed species, have been addressed under the ESA (Appendix D). State
listed species will be dealt with under the California Endangered Species Act (CESA).

The Service recently changed its policy on candidate species. The term candidate now strictly
refers to species for which the Service has on file enough information to propose listing as
endangered or threatened. Former category 2 candidate species--species for which listing is
possibly appropriate but for which the Service lacks sufficient information to support a listing
proposal--are now called species of concern. Candidate species and species of concern have no
protection under the ESA, but are included for your consideration. One of the benefits of

!
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considering these species early in the planning process is that by exploring alternatives, it may be
possible to avoid conflict that could develop should a candidate species become listed before the
project is complete and also to provide assurances that the project has considered these species’
needs into the future.

Listed Species

Winter-run chinook salmon (Oncorhynchus tshawytscha) are State and federally listed as an
endangered species. Upstream migrating adults begin arriving at RBDD, about 37 miles
upstream of the GCID facility in mid-December and continuing into July (USBR 1992).
Upstream migration usually peaks in March but may vary with river flow, water year type, and
theoperation ofRBDD (NMFS 1992). Winter-run chinook spawning occurs upstream of the
HCPP, therefore the entire population of outmigrating juveniles passes through the local project
area. Juvenile winter-run may occur in the local project area from mid-July through mid-May,
with the peak in December. Monitoring by CDFG in 1995 and 1996 collected the first winter-
run fry on August 6 and August 8, respectively. The proposed project occurs within the
designated critical habitat for winter-run chinook.

Valley elderberry longhorn beetles (Desmocerus californicus dimorphus) are federally listed as
a threatened species. Valley elderberry longhorn beetles (VELB) are endemic to riparian forests
of the Central Valley. VELB depend exclusively on the elderberry, a riparian shrub, as a
foodplant for its larval and emergent adult life stages. Exit holes indicate past use of elderberry
shrubs by VELB. Exit holes are cylindrical and are approximately 0.25 inch in diameter. Exit
holes can be found from a few inches above the ground to about 9-10 feet up on stems ranging
from 1 to 8 inches in diameter (Barr 1991). Elderberry plants are abundant in the local project
area.

Swainson’s hawks (Buteo swainsoni) are State listed, as a threatened species. Swainson hawks
require both open, agricultural fields for foraging and large cottonwoods and oaks of typical
riparian forest habitats for roosting and nesting. Field surveys conducted in 1993 located an
active nest on the south end of Montgomery Island (Beak 1994). A second nest was also found in
1993 at River Mile (RM) 200.3, but no young were observed. Two Sw~inson’s hawk were
sighted along the mainland side of the lower oxbow in a small stand of cottonwoods
approximately 50 to 100 feet from the water’s edge near South Island on April 18, 1997. One of
these birds was observed carrying nesting materials (SWRI 1997b). The Swainson’s hawk is
particularly susceptible to disturbance during nesting season and will often abandon nest sites
when disturbed.

Western yellow-billed cuckoos (Coccyzus americanus occidentalis) af~ State listed as an
endangered species. The yellow-billed cuckoo prefers the dense stands of riparian forest as
found in the local project area. Surveys identified several areas that provide potential nesting
habitat, where dense riparian vegetation and walnut orchards occur. These surveys observed two
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yellow-billed cuckoos, one located at the south end of Montgomery Island, the other on the east
river bank between RM 205 and 206 (Beak 1994).

Bank swallows (Riparia riparia) are State listed as a threatened species. Bank swallows
typically require steep, vertical banks with sandy or finely textured soil that allows for nesting
cavity excavation. Two active colonies were located during the 1993 surveys in the vicinity of
the HCPP. Both are on the west bank at RM 203.0 to 203.1 and at RM 201.5. Surveys in 1992
found five colonies near RM 209 and between RM 201 and RM 203, along with four inactive
colonies (BEAK 1994).

Giant garter snakes (Thamnophis gigas) are State and federally listed as a threatened species.
This species is now found in small, scattered populations and occurs within 11 counties within
the Central Valley. Giant garter snakes require habitats that contain still or slowing moving
water, adequate cover, basking areas, and access to wintering habitat. Giant garter snakes
generally are active from March through October. Habitat for the giant garter snake exists along
the canals and ditches associated with rice production in the GCID service area as well as at the
Sacramento, Delevan, and Colusa National Wildlife Refuges (Brode and Hansen 1992).

Vernal pool fairy shrimp (Branchinecta lynchi), Conservancy fairy shrimp (Branchinecta
conservatio), and vernal pool tadpole shrimp (Lepiduruspackardi) occur in vernal pool
habitats in California. Vernal pools are ephemeral wetlands that form in shallow depressions
with soil types that restrict the percolation of water. These depressions fill with rainwater during
the fall and winter and may remain inundated until spring or early summer, sometimes filling and
emptying numerous times during the wet season. No vernal pool habitat occurs in the local
project area. Vernal pools do exist on lands served by GCID.

Palmate-braeted bird’s-beak (Cordylanthuspalmatus) is State and federally listed as an
endangered species. Palmate-bracted bird’s-beak is an annual herb in the snapdragon family
(Scrophulariaceae). Little is known about the ecology bird’s-beak aside from.of palmate-bract~d
its occurrence in and possible confinement to saline-alkali (black alkali) soils in relatively
undisturbed, seasonally flooded, alkali sink scrub habitats. Saline-alkali soils and alkali sink
scrub habitats were historically rare throughout central California, but have been greatly reduced
in extent by soil reclamation and draining of seasonal wetlands, conversion of land to agricultural
use, urbanization, livestock grazing, and more recently by off-road vehicle use and trash
dumping. Plant surveys have identified this species on the Sacramento, Delevan, and Colusa
National Wildlife Refuges.

The following federally listed plants are all endemic to vernal pool habitats in the Central Valley.
Greene’s tuctoria (Tuctoria greenei; endangered), Hairy Orcutt grass (Orcuttiapilosa;
endangered), Slender Orcutt grass (Orcuttia tenuis; threatened), and Colusa grass (Neostapfia
colusana; threatened) are small, tufted annuals in the grass family (Poa~eae). The genus
Tuctoria is distinguished from other Orcutt grasses (in the genus Orcuttia) by the spiral

of the and other characteristics of several flower Thearrangement spikelets(flowers) parts.
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major threats to these species are the conversion ofvemal pool habitats to irrigated agriculture,
overgrazing, competition from introduced weedy species, and urban development.

Hoover’s spurge (Chamaesyce hooveri) is federally listed as a threatened plant. Hoover’s
spurge is a prostrate, tap rooted, annual herb in the spurge family (Euphorbiaceae). Hoover’s
spurge is endemic to vernal pool complexes in the eastern Central Valley. The flowering
structure is a small, highly simplified cup-like "cyathium" with petal-like glands that are red to
olive colored. It has a high tolerance to long periods of inundation and is frequently found in
small drainages and low terraces 100-500 feet in elevation. Hoover’s spurge or suitable habitat
occurs on the Sacramento NWR.

Federal Proposed Species

Sacramento splittail (Pogonichthys macrolepidotus) are federally proposed as a threatened
species and are a State species of concern. Historically, splittail were found as far north as
Redding on the Sacramento River. CDFG sampling at GCID have collected splittail incidental to
salmon monitoring. Spawning occurs from the months of March through May over flooded
streambank vegetation or aquatic plants.

Steelhead (Oncorhynchus mykiss) are federally proposed as an endangered species in the Central
Valley. Steelhead migrate through the Sacramento River system in late summer through April,
with peak migration occurring in October. Spawning occurs from January through May. Based
on CDFG monitoring at GCID, juvenile steelhead abundance is greatest in January and February.
Typically, juvenile emigration does not occur until after at least one year of freshwater rearing,
therefore juvenile steelhead that encounter the HCPP fish screen are generally larger than fry and
less subject to entrainment and impingement.

Federal Candidate Species/Species of Concern

Project affects to candidate species and species of concern relate primarily to habitat
loss/modification (both terrestrial and aquatic), blockage and/or delay of aquatic species
migrating through the ptoject area, and changes in predator related impacts in the project area.
Northwestern pond turtles and habitat may be adversely affected by the channel modifications of
the lower oxbow. Sturgeon and fiver lamprey may be adversely affected if fish passage
conditions at the gradient facility are not suitable or if predation or screen performance results in
increased mortality. Avoidance and minimization measures to reduce adverse effects from
project construction and operation would benefit these species. Compensation of lost habitat
values would also offset adverse impacts to these species.
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FUTURE CONDITIONS WITHOUT THE PROJECT

Future without project conditions are the predicted changes and effects to biological resources,
generally compared to existing conditions, that would occur during the 53-year period of
analysis.

Project Features/Operations
t

The predicted future without project condition is operation of the existing interim fiat-plate
screen at a diversion rate not to exceed 0.33 feet per second approach velocities year-round
(SWRI 1997a). Terms and conditions of the Amended Joint Stipulation and CWA Section 404
permit for fish protection are likely to remain in effect. The predicted future without project
diversion pattern is shown in Figure 10.

Dredging volumes and duration are expected to be similar to existing conditions. Dredge spoils
currently deposited on the upstream end of Montgomery Island may be deposited at an off-site
disposal site. Two options are being considered; placement of dredge spoils on GCID land west
of the pumping plant for long-term storage or offsite disposal and secondly, placement of graded
dredge spoils (size > 3/4-inch diameter) on Montgomery Island and the .smaller material removed
offsite (SWRI 1997a).

To counter reductions in HCPP water diversions without the project, the following actions are
likely to occur: increased conservation with some temporary fallowing and land use conversions
due to salinity increases; increased reliance on ,’as-available" water from the Tehama-Colusa
Canal subject to existing contract delivery obligations; crop changes including a shift from high
water-use such as flee, to lower water-use such as cotton; .construction ofcrops, crops,
approximately 10 new or expanded agricultural run-off recapture pump stations for late irrigation
season recapture, and approximately 50 new groundwater wells for early irrigation season
pumping (SWRI 1997a).

Water demand for fall-winter flooding of dcefields is likely to remain at current levels or
continue to increase. The Rice Straw Burning Reduction Act of 1991 (AB 1378) incrementally
reduced the amount of burning to an allowable limit of 25 per cent of the rice acres that can be
burned by the year 2000. The primary alternative for burning, which has been encouraged by
waterfowl supporters, involves reflooding of the rice fields after the harvest to speed
decomposition of the waste material while enhancing feeding opportunity for migratory
waterfowl. The GCID predicts the reflooding of rice acreages will not create the peaking
demand period that occurs during the spring flee flooding period (GCID 1995).

The GCID could to full beneficial use its water fights entitlement by increasing the transferput
of surplus water under the future without project condition. The GCID’s Water Transfer Policy,
adopted February 16, 1995, establishes priorities when marketing surplus water. Pumping

limit the via the but would increase GCID’srestrictionswould transferof surpluswater HCPP,
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availability of surplus water for agricultural, municipal and industrial, or environmental uses
outside of the district.

Aquatic Resources

Operation of the interim flat-plate screen to meet approach velocity criteria may be possible
through pumping restrictions, but the maintenance of sweeping and bypass velocities is also
dependant on river gradient. The most probable channel change in the river reach downstream of
Montgomery Island would increase water surface elevations at the South Island Gage (Ayers
1996a) which would reduce the river gradient in the local project area. The gradient reduction
between the North and South Island Gages may result in inadequate bypass velocities in the
oxbow channel (Ayers 1996a). No remedial actions are proposed to stabilize or increase the
riverbed gradient between the North and South Island gages. Compliance with the current
NMFS biological opinion was anticipated to result in further lower oxbow (bypass) channel
constriction and the removal of instream cover to reduce predation losses. This results in a loss
of SPA Cover values. Adverse effects on juvenile fish from predation are likely to increase in
the oxbow channel with inadequate bypass velocities.

The entrainment of non-salmonid eggs and larvae would continue to occur. Assuming fish are
diverted in proportion to flow diverted, the entrainment rate would be reduced compared to
existing conditions. Replacement of the seasonal low water crossing and culverts with a flow
control structure similar to the preferred alternative would no longer impede downstream
migration of juvenile fish in the oxbow channel, thereby, improving survival. Previous studies
had identified disrupted migratory behavior, disorientation, and the presence of predatory fish at
the seasonal crossing as potentially adversely affecting juvenile fish (Vogel and Marine 1995).

The effects associated with dredging activities would be similar to existing conditions in both
volume and duration. The deposition of cleaned and graded dredge spoils on the upstream end of
Montgomery Island would perpetuate natural river sediment transport and deposition on
downstream gravel bars and shoreline (SWRI 1997a). Dredge spoils deposited offsite could be
sold to local aggregate operators or used for gravel replenishment measures for fisheries
enhancement on the Sacramento River and its tributaries. The quantity and transportation costs
might make this cost prohibitive.

Future without project conditions, as related to changes at the HCPP and other factors modeled
by PROSIM, are predicted to change Sacramento River flows between Red Bluff Diversion Dam
and the HCPP. Mean monthly flows would be reduced by 2.6% in May, 6.5% in June, 5.1% in
July, and increased by 1. I°A in August (SWRI 1997a). These diminished flows also resulted in
minor changes in average monthly water temperatures upstream and downstream of the HCPP
during the months of May through August (SWRI 1997a). No flow or temperature changes were
predicted for the other months. Reduced HCPP diversions may make additional water available
for transfer. These transfers may result in environmental benefits, such as increased Sacramento
River flows.
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Changes in Sacramento River temperature and flow would have a related effect on the amount of
chinook salmon weighted-usable-area (WUA) between Red Bluff and the HCPP (SWRI 1997a).
The WUA decreased on average by <1% for juvenile lifestages in May and June and by 3% in
July. The WAUs for fry lifestages decreased on average by <1% in May, 6% in June, and 5% in
July. Annual average WUA would decrease by 1% for the juvenile life,rage and increase by 2%
for the fry lifestage and would remain unchanged for all other months. "

With further pumping restrictions at the HCPP, GCID’s dependance on alternative water sources
likely would increase. The demand may be partially met by wheeling water via the Tehama-
Colusa Canal. This source may be limited due to existing Tehama-Colusa service area demands
and water delivery constraints during gates-up operation at Red Bluff Diversion Dam. The
gates-upoperationis primarily for the protection of winter-run chinook salmon but also benefits
other anadromous and resident fishes. The rotary drum screen facility at the Tehama-Colusa
Canal headworks is designed to meet fish screen criteria.

The CVP water stored in Black Butte Reservoir may be released at the discretion of Reclamation
for delivery to GCID at their main canal crossing on Stony Creek. Releases and rediversions of
CVP water stored in Black Butte Reservoir are being used on an interim basis to supplement
Tehama-Colusa Canal service area demand during gates-up operation at Red Bluff Diversion
Dam (Sept 15 to at least May 14). Additional diversions of Black Butte Reservoir water for
agricultural use would compete with the use of this water for fish and wildlife enhancement on
Stony Creek.

Terrestrial Resources                                       .,

Terrestrial habitats in the local project area were predicted to remain similar to existing
conditions. Further human induced development is not predicted to occur, therefore, additional
conversion of native habitats to agricultural or residential areas is not assumed. Natural
processes, such as succession and river meandering, were considered greater influences on
terrestrial habitats. These natural processes were assumed to result in localized gains and losses
in habitat quality and quantity with the result being little net change from existing conditions in
the local project area.

Habitat changes in the GCID service area would be affected by changes in water quantity,
quality, and source of supply. Further restriction of HCPP diversions would limit GCID’s ability
to meet water delivery obligations to agricultural and wildlife refuge lands. Increased drain
recapture may shift cropping patterns to more salt-tolerant or less water-consumptive crops.
Increased use of lower quality drain water may accelerate soil salinity increases on agricultural
lands. Increased salinity could also result in more fallowed lands or land retirement.

Effects due to dredging activities are assumed to be similar to existing conditions. Dredge spoils
would be deposited in areas that lack high value habitat or special status plants and animals.
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FUTURE CONDITIONS WITH THE PROJECT

Future conditions with the project are the predicted changes and effects to biological resources
over the 53-year project life. A comparison of net change between future with and future without
project conditions is presented in the Summary and Conclusions section.

Project Features/Operations

Project features are briefly described under the alternatives section. A detailed description of the
proposed project components is provided in SWRI (1997a), USBR (1996) and Ayers (1996b).
The extended flat-plate screen with 3 intermediate bypasses and gradient facility is designed to
meet existing NMFS and CDFG fish screening criteria. The proposed project would enable
GCID to meet instantaneous demand of 3,000 cfs on a year-round basis, except at river flows less
than 7,000 cfs. The projected future pumping rates at the HCPP are shown in Figure 11.

Future water deliveries for GCID use would not violate existing ESA Biological Opinions for the
long-term operation of the Central Valley Project, nor violate existing or future water quality
standards imposed for the Sacramento River or the Bay/Delta.

Aquatic Resources

Affects to biological resources, with the project, are related to project construction and the long-
term operation of the facility. These impacts are summarized in the following sections along
with the discussion of impacts associated with the long-term operation of the screen facility.
Potential effects from the proposed project include, but are not limited to, modification of aquatic
habitats, fish and survival, alteration of river hydraulics and sedimentation, changes inpassage
predation, and water quality effects.

Construction of the proposed project permanently alters about 1.5 acres (6,447 linear feet) of
SRA Cover. Alteration of SRA Cover in the river and oxbow channel would result from bank
revetment. An additional 2,788 linear feet (0.6 acres) of natural erodible shoreline is also
revered. Losses to SRA Cover values in the intake channel are reduced by leaving a minimum
10-foot buffer zone along the shoreline where dredging won’t occur. If predation on juvenile
salmonids is identified to be excessive in the intake channel, the removal of instream cover is
proposed. Additional SRA Cover losses would occur from that action.

The gradient facility would alter approximately 14 acres ofrivedne habitat in the mainstem and 6
acres in the lower oxbow (bypass) channel. The natural riverbed would be replaced with. large
rock revetment to stabilize the channel. Some deposition of gravel and cobble is expected to
occur in the gradient facility. This should allow the recolonization of the macroinvertebrate
community which would be temporarily displaced (SWRI 1997a). A limited amount of fall-run
chinook salmon spawning habitat would be modified, but this loss would be minimal in the
context of remaining spawning habitat. In-river construction and channel maintenance activities
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would result in temporary water quality impacts from increased turbidity and sediment
mobilization.

Hydraulic conditions during construction and operation of the gradient facility are of concern.
The gradient facility is designed to mimic a natural riffle. The design is being physically
modeled to evaluate its predicted performance. Effects of the gradient facility on fish migration
are unknown and will require monitoring to identify actual impacts. Several options for
sequencing the construction of the gradient facility are being considered to minimize adverse
effects. The four-phase, one-year construction scenario is the proposed method. Phase 1
construction begins in mid-May. Phase 4 occurs from the first week of October through mid-
November.

Gradient facility construction activities will constrict flows in the Sacramento River and direct
more flow through the oxbow channel. Velocities in portions of the river and the oxbow channel
with cofferdams in place may exceed the swimming ability of some fish species. Alternative
migration routes with passable velocities are expected to occur along the river bottom or along
shallow nearshore areas. The temporary nature of the construction and alternative migration
routes should minimize adverse effects to fish passage. Construction of the gradient facility at
river flows less than 10,000 cfs is not expected to have a significant impact on upstream fish
migration (SWRI 1997a).

Assuming fish are diverted in proportion to the percent of river flow diverted, increased numbers
of juvenile fish may pass through the oxbow channel during gradient facility construction and
long-term operation of the project. Adverse effects would be minimized by the prior completion
of the new fish screen facility and increased sweeping velocities in the oxbow channel.
Predation related losses of juvenile anadromous fish are expected to be reduced by improved
sweeping and bypass channel velocities. Predator holding habitat created by cofferdam
placement during in-river construction will be temporary and further reduced by avoiding back
eddies around the structures.

Changes in sedimentation due to the gradient facility were numerically modeled by Reclamation
(USBR 1997). The results indicated the riverbed elevation would increase by no more than 2.0
feet in the intake channel or at RM 206 over existing conditions. Total and average annual
dredge volumes from a 20-year hydrograph simulation showed little increase in dredge volumes
over the baseline. The GCID will not deposit dredge spoils on the tip of Montgomery Island, if it
results in any adverse changes in the hydraulics of the gradient facility.

The gradient facility would restore the river water elevation at the Nortl~ Island Gage to about
pre-1970’s conditions. At low to moderate river flows (5,000-10,000 cfs), the increase in
upstream water surface elevations over existing conditions will be fairly significant and will
extend upstream to the natural riffle at RM 207 (Ayres 1996b). At high river flows (>20,000
cfs), water surface elevations upstream of the gradient facility would be similar to without
project conditions. The gradient facility is predicted not to an on meanderhave effect river
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upstream or downstream of the local project area (MEI 1997). The gradient facility does require
a commitment to maintain existing bank revetment, particularly upstream at RM 208, to prevent
lateral fiver movement around the gradient facility.

Approximately 2.3 acres of fresh emergent wetland habitat is permanently impacted by the
gradient facility on the east bank of the Sacramento River. Impacts occur from the disturbance of
established riparian vegetation and the placement of sheetpiles through the wetland which will
alter subsurface flows and potentially affect the hydrology of the wetland.

Construction related impacts to aquatic habitats are summarized in Table 4.

Table 4. Aquatic habitat permanently impacted by the major project components.

HABITAT/COVER TYPE Screen extension and Open channel Gradient TOTAL
Evaluation Species intake channel bypass Facility

SRA COVER (acres/feet) 0.20 / 865 0.52 / 2,262 0.78 / 3,320 1.50 / 6,447

RIVERINE 0.0 9.1 13.2 22.3

EMERGENT MARSH 0.0 0.0 2.3 2.3

The proposed project would increase Sacramento River flows between Red Bluff Diversion Dam
and the HCPP (SWRI 1997a). Average monthly flows below the Red Bluff Diversion Dam
would increase by 356 cfs in May, 1047 cfs in June, 788 cfs in July, and 694 cfs in August
compared to future without project conditions. Average monthly Sacramento River flows would
remain unchanged the rest of the year.

The increase in Sacramento River flows resulted in subsequent decreases in Sacramento River
water temperatures of 0.4°F in June and 0.2°F in July and August upstream of the HCPP.
Downstream of the HCPP, mean monthly Sacramento River water temperatures would increase
by 0.1 °F in April and May, and would decrease by 0.2°F in June, July, and August. Average
monthly Sacramento River water temperatures for the remainder of the year would be unchanged
both upstream and downstream of the HCPP.

Increased diversion capability and reliability at HCPP would reduce GCID demand on alternative
water sources. Subsequent reductions of 14 thousand acre-feet (tat) of Stony Creek water, 152
taf of Tehama-Colusa Canal conveyed water, 21 tar of drain recapture water, and 31 tar of
groundwater are predicted (SWRI 1997a). The GCID water demand reductions on alternative
sources are likely to be replaced by other competing uses for available water, to include
agricultural, municipal and industrial, and environmental purposes.

Future water demands may result in increased winter diversions at the HCPP. Alternatives under
consideration in the CALFED process have identified offstream water storage sites in the
Sacramento Basin. CALFED is a consortium of State and Federal agencies organized to develop
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a plan to restore ecological processes in the Bay/Delta, while providing for future water demands
in California. One of these proposed offstream storage projects, Sites Reservoir, could
potentially be filled by winter flows of the Sacramento River that are surplus to downstream
requirements. These surplus flows could be delivered by the Tehama-Colusa and GCID canals
(DWR 1996). The effects of such an action will be analyzed under the CALFED environmental
compliance process. The GCID has proposed the study of three offstream storage sites to
optimize their system for fisheries, waterfowl habitat, and delivery efficiency.

Terrestrial Resources

The majority of terrestrial impacts result from construction of the gradient facility. Permanent
impacts due to construction of the proposed project are shown in Table 5.

Table 5. Terrestrial habitat permanently impacted by the major project components.

HABITAT/COVER TYPE Screen extension and Open channel Gradient TOTAL
Evaluation Species intake channel bypass Facility

RIPARIAN FOREST 2.0 0.7 8.5 11.2

NATURAL ERODIBLE 0.0 0.0 0.64 / 2,788 0.64 / 2,788
SHORELINE

GRAVEL BAR 0.0 0.0 2.3 2.3

CROPS/ORCHARD 0.0 0.0 7.1 7.1

GRASSLAND 0.9 0.0 0.3 1.2

An additional 22.4 and 8.9 acres of temporary impacts would also occur to grassland and gravel
bar habitats, respectively. These temporary impacts result from the staging of construction
equipment and materials.

Physical habitat disturbance from construction is primarily related to construction staging areas,
roads, and shoreline bank protection activities. Other short-term impactsresult fromaccess may

increased noise and construction related disturbances in the local project area. This disturbance
may influence the behavior, movements, and distribution of wildlife in the local project area.
Impacts from the long-term operation and maintenance of the new screening facility should be
similar to without project conditions with the exception that access to and maintenance of project
features, such as the gradient facility, may require intermittent disturbance to terrestrial habitats.

Restored diversion capacity and reliability at the HCPP may have beneficial effects on terrestrial
habitats within or adjacent to the GCID service area. Besides improved water quality and
reduced use of drain recapture water, additional water transfers for environmental purposes, such
as flood-up of wetland habitat would have benefits to waterfowl and other wetland dependant
species. The GCID facilities have been identified as the recommended alternative toconveyance
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deliver Level 4 (105 tar) water supplies to the Sacramento, Delevan, and Colusa National
Wildlife Refuges, as directed by the CVPIA. Level 4 water supplies will allow for the optimal
management of wetland habitat on the refuges.

MITIGATION AND ENHANCEMENT

The Council of Environmental Quality regulations for implementing the National Environmental
Policy Act (NEPA) def’me mitigation to include: 1) avoiding the impact; 2) minimizing the
impact; 3) rectifying the impact; 4) reducing or eliminating the impact over time; and 5)
compensating for the impact. The Service’s Mitigation Policy uses this same definition of
mitigationand considers those elements, in that order, to represent the desired sequence in the
mitigation planning process.

The Mitigation Policy outlines internal guidance for Service personnel to protect and conserve
fish and wildlife resources while facilitating the balanced development of the Nation’s natural
resources. The recommendation for avoidance became somewhat problematic related to SRA
Cover. SRA Cover’s Resource Category 1 designation under the Mitigation Policy recommends
the avoidance of any loss of existing habitat value. Strict adherence to the Mitigation Policy
would ultimately force the Service to support the no project!no action alternative.

The Service recommends avoidance of SRA Cover habitat value losses. For this project to
achieve the predicted long-term fishery benefits of reduced entrainment, impingement, and
predation losses of juvenile fish, unavoidable losses of SRA Cover would occur. Considering
the statutory mandate under the CVPIA to replace the defective fish screen at the HCPP in
combination with the Mitigation Policy, the Service acknowledges a loss of SRA Cover values
will occur. The "acceptance" of these SRA Cover losses is predicated on the lead agencies’
environmental commitment to compensate any unavoidable SRA Cover losses. Service
recommendations to reduce and minimize SRA Cover losses have been included in the project
design.

The best biological compensation for lost SRA Cover values would be planting woody riparian
vegetation along natural erodible shoreline of the Sacramento River. Natural erodible shoreline
could be existing or result from the select removal of site-specific bank revetment, Revegetation
of natural erodible shoreline also would further the riparian restoration efforts occurring under
the SB 1086, CALFED, and CVPIA processes and should be closely coordinated with these
programs.

Given the biological relationships between SRA Cover and winter-run chinook salmon critical
habitat, and between riparian forest habitat and the valley elderberry longhorn beetle, Swainson’s
hawk, and yellow-billed cuckoo, compensation and monitoring for SPA Cover and riparian
forest habitat losses should guide the lead agencies’ mitigation plan. Ideally, riparian forest
compensationwould be adjacent to the Sacramento River so some SPA Cover compensation
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value also could be realized. This compensation acreage should be managed in coordination
with other State or Federal efforts to establish a continuous riparian corridor along the upper
Sacramento River.

To adequately compensate riparian forest habitat losses in combination with valley elderberry
longhorn beetle habitat losses will require a planting ratio greater than the minimum ratio of one
elderberry shrub to one associated native tree/shrub allowed in the mitigation guidelines for the
valley elderberry longhorn beetle. The Service identified a ratio of three associated native trees
and shrubs be planted for each elderberry seedling.

Modifications to the lower bypass channel to improve hydraulic conditions for the benefits of
fish survival and water diversion have resulted in the incremental loss of riparian forest, riverine,
and SRA Cover habitat values. In the Service’s judgement, riverine and SRA Cover losses due to
modifications to the bypass channel in 1992, were never fully mitigated. These past impacts
were part of the ongoing program to mitigate fisheries impacts at the H(~PP and should be
mitigated coincident with this project. The Service estimated approximately 5 acres of dvedne
habitat was lost (USFWS 1992b; 1992c). SRA Cover losses were not quantified in 1992.
Compensation estimates should consider the habitat values lost between 1992 and when
compensation efforts begin.

One compensation option to replace habitat losses from past and predicted bypass channel
modifications is the creation of a low berm along the left bank of the intake channel (west shore
of Montgomery Island). Riparian forest and SRA Cover habitat could be created. This
compensation option will require further review to determine potential effects on oxbow channel
hydraulics, screen performance, and GCID dredging activities. Numerical modeling of the
screen alternatives did not consider this enlarged oxbow channel configuration and the effect of
bypass velocities at higher river stages. Dredging activities in the intake channel would need to
be compatible with the establishment and protection of these riparian forest and SRA Cover
habitats so the predicted long-term habitat gains are realized.

The restored diversion capability at the HCPP favored GCID’s selection as the recommended
conveyance alternative to deliver Level 4 water to the Sacramento, Delevan, and Colusa National
Wildlife Refuges. Year-round conveyance of refuge water will require a siphon at the GCID
Main Canal crossing on Stony Creek. The Service has identified Ston3i~Creek as an Aquatic
Resource of National Importance (USFWS 1996). Construction of a siphon will remove a long-
recognized impediment to fish passage and flows (USFWS 1951). That, in combination with
further regulation of instream gravel mining operations, promotes the enhancement of the fish
and wildlife resources of Stony Creek.
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SUMMARY AND CONCLUSIONS

A cursory comparison between future with and without project conditions would suggest
adequate fish protection is provided under both conditions. This is true only if further reduction
of the river gradient in the local project area does not occur. Further reduction in river gradient
would result in unfavorable conditions similar to those that occurred in the mid-1980’s when
sweeping and bypass flows provided inadequate fish protection. Remedial actions without the
project assume that further reductions or stoppage of HCPP diversions occur or fisheries
protection would be compromised.

The proposed project has been identified by the seven lead and cooperating agencies as the best
long-term solution to meet the project purposes and needs. The gradient facility is an integral
component of the proposed project to ensure the design water surface elevation at the screen and
fish protection criteria are maintained for the life of the project, thereby avoiding a repeat of the
problems encountered with the rotary drum screen facility. Inclusion of the gradient facility adds
an element of environmental uncertainty dependant on its ability to function as designed. Instead
of the fish screen facility being adaptable to changes in fiver morphology, the project will
attempt to conform the fiver to the physical site limitations at the HCPP. If effects from the
gradient facility on fish passage and river hydraulics differ than those presently predicted, the
true environmental cost of the project will be greater than assumed. The gradient facility has
been sized to allow extension of the closed (piped) fish bypass system to discharge into the
Sacramento River if predation in the bypass channel is a problem.

Restoring GCID’s instantaneous diversion capability at HCPP should reduce water demands on
alternative water supplies, including Stony Creek, the Tehama-Colusa Canal, drainwater
recapture, and groundwater pumping. The benefits of reduced water demand on alternative
sources are probably short-term given the continued, increased demand on available water
supplies. Aquatic and terrestrial conditions in the GCID service area should improve from
reduced drain water recapture use and improved water quality. Restoration of the diversion
capacity at the HCPP should insure the reliable delivery of Level 4 water supplies to the
Sacramento, Delevan, and Colusa National Wildlife Refuges. Future water diversions at the
HCPP could increase seasonally, especially in the winter, if water is diverted at the HCPP for
offstream storage, such as Sites Reservoir or other storage reservoirs int.ended to optimize GCID
delivery system efficiency. These diversions would not be an increase in GCID’s existing water
rights entitlement. Table 6 compares future with and without project conditions.
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Table 6. Summary of with and without project effects on aquatic and terrestrial resource issues/concems.

Resource Issues Without Project With Project Environmental Consequences

Screen short-term protection, but provided under majority of Reduced entrainment and impingement of salmonid species.
Performance & no long-term guarantees river flow & pumping
Fish Protection combinations for life of project

Fish Passage unimpeded anticipated to be unimpeded; If gradient facility proves an obstruction to fish passage, other efforts to
gradient facility hydraulics improve anadromous fish populations upstream maybe negated.
mimic natural riffle Oxbow channel provides secondary passage route.

Predation Bypass channel modifiedBypass channel modified; Increased velocities in oxbow reduce predator holding habitat and
to reduce predation; increased sweeping and bypassdecrease juvenile fish travel time back to the river. Lower oxbow
assumed to be improved velocities in oxbow channel modifications allow for easier predator control/removal. Project design
over pre-1992 conditions over without project conditionsmakes it possible to bypass fish to river mainstem if predation in lower

oxb.ow channel is a problem, to

River Gradient unstabilized, subject to restored to near pre-1970’s Water surface elevation (WSEL) at fish screen ensured. Sweeping and i ¢q
further degradation conditions; gradient stabilizedbypass velocities maintained improving fish survival. At river flows

at fish screen design criteria >40,0.00 cfs no difference between with vs without project conditions i to

due to gradient facility. ¢o

River Meander Lateral movement of riverRiver meander controlled in River meander similar with or without the project: upstream of project
channel unrestricted in local project area by gradient controlled by existing rip-rap; downstream of project controlled by I
local project area. facility, geologic riverbank formations. �O

Habitat SRA Cover and riparian permanent and temporary lossEnvironmental benefits of project only realized if full mitigation of
Loss/Disturbance forest losses due to bypassof aquatic and terrestrial adverse effects associated with operation of the HCPP occurs.

~: channel modifications, habitats and subsequent effects
GCID service area effectsto State and Federal special
from increased use of status species
groundwater and drain
recapture water.
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Table 6. Summary of with and without project effects on aquatic and terrestrial resource issues/concems.

Resource Issues Without Project With Project Environmental Consequences

Sediment 10,000 to 120,000 cubic Total and average annual Placement of dredge spoils at head of Montgomery Island allows gravel
Deposition & yards requiting dredging dredge volumes similar to input into the Sacramento River; may alter hydraulics of the gradient
Dredging depending on winter flood without project; no expected facility and require alternative disposal site.

flows, increase in dredging duration

Hamilton City further restricted to about 3,000 cfs pumped at river Improved reliability and water quality to GCID service area and
Pumping Plant 1,400 cfs flows>7,000 cfs; pumping Sacramento, Delevan, and Colusa National Wildlife Refuges. Increased
Diversion reduced at lower river flows HCPP diversions may entrain more non-salmonid species, i.e. splittail
Capability & sturgeon.

Alternative Water increased reliance on drainGCID water demand reduced; Reduced GCID demand on alternative water supplies makes additional
Supplies recapture, Stony Creek, water available in the short-term. Future demands put these water I~.

groundwater, and Tehama- "savings" to use for agricultural, municipal and industrial, and
Colusa Canal. environmental purposes, to

I
O
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RECOMMENDATIONS

In accordance with the Service’s Mitigation Policy and to fulfill the intent of the Central Valley
Project Improvement Act, the Service recommends:

1). Avoid impacts to SRA Cover.

2). Minimize and compensate unavoidable impacts to SRA Cover, riparian forest, and
wetland habitats.

A) Avoid dredging and instream cover removal within a 10- to 15-foot buffer on the
waterside of the left and right banks of the intake channel.

B) Reduce bank revetment on the right bank of the intake channel upstream of the
fish screen to the minimum length needed for hydraulic performance and
structural integrity of the fish screen.

C) Minimize bank revetment on the Sacramento River (right bank of Montgomery
Island) upstream of the bypass channel confluence with the Sacramento River.

D) Avoid the mature valley oak tree on the western edge of the area excavated for the
fish screen extension/forebay.                      ’

3). Develop and implement, in cooperation with the Service, NMFS, CDFG, DWR, and
GCID, a mitigation plan for aquatic and terrestrial habitats adversely affected by the
project.

A) Compensate SPA Cover losses off-site at a 3:1 ratio in addition to revegetating
bank revetment on-site. Off-site compensation for SPA Cover losses should: 1)
be based on linear feet of SPA Cover shoreline impacted; 2) be replaced on non-
vegetated natural erodible shoreline; and 3) plant a 300-foot width of native
riparian vegetation. On-site compensation for SPA Cover losses should plant
bank revetment (excluding the bypass channel) with native riparian species
(willows and other suitable species near the waterline and cottonwood and other
overstory species on upper terraces). Natural erodible shoreline should be
compensated at a 1:1 ratio (based on linear foot of shoreline impacted).
Compensation for natural erodible shoreline impacts should be out-of-kind as
SPA Cover, unless the lead agencies determine the removal of existing riprap off-
site is feasible. Adverse impacts to fresh emergent wetland habitat should be
compensated at a ~atio that results in no net loss of in-kind acreage or wetland
habitat value, whichever is greater. Temporary impacts to grassland and gravel
bar habitats should be mitigated by restoring habitats to pre-project conditions
following facility construction.
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B) Compensation for riparian forest and SRA Cover losses should be done in
conjunction with the compensation for habitat losses to the valley elderberry
longhorn beetle.

C) SRA Cover and riparian forest compensation efforts should be coordinated with
other State and Federal river ecosystem restoration programs to realize the
greatest benefit to fish and wildlife resources.

D) Implement the selected mitigation option(s) prior to or concurrent with project
construction to expeditiously replace habitat values lost due to the proposed
project.

E) Biological monitoring of terrestrial and aquatic habitat compensation should occur
for a minimum of 10 years in combination with the mitigation monitoring for
valley elderberry longhorn beetle. Photographic reference points should be
established to document on- and off-site compensation area habitat conditions.
An annual report of terrestrial and aquatic habitat mitigation monitoring should be
provided to the Service within 45 days of the end of the qalendar year.

4). Provide a smooth transition of flows at the confluence of the open channel bypass and the
Sacramento River to reduce potential predator holding habitat due to backwater areas or
eddies.

5). Develop and implement, in cooperation with the Service, NMFS, CDFG, DWR, and
GCID, an evaluation and monitoring plan to assess the adequacy of the fish screen and
the gradient facility in meeting biological and engineering design criteria and propose
corrective measures.

A) Monitor screen criteria for the period of time necessary to evaluate screen
performance at a range of river flows (>20,000 cfs, 10,000-20,000 cfs, and
<10,000 cfs) and pumping rates (high, medium, and low), evaluate fish passage,
hydraulic conditions (water depth and velocity), sedimentation, and channel
planform associated with the gradient facility.

B) Evaluate the survival of juvenile fish in the bypass system(s) and identify specific
criteria that would "trigger" the need to construct a closed (piped) bypass system
with an outfall in the Sacramento River.

C) Identify operational flexibilities that would provide the greatest level of fisheries
protection at various river flows and pumping rates, i.e., under what conditions is
it advantageous to operate the intermediate closed fish bypass system.
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D) Incorporate remedial structural and operational measures: to ensure compliance
with fish screen criteria.

6). Include in the proposed project unmet compensation for SRA Cover and riparian forest
habitat losses due to bypass channel modifications made in 1992 in combination with and
at the same ratio as identified in Recommendation 3A.

7). Control/eradicate giant reed (Arundo donax) and other invasive,"non-native flora in the
local project area and at the mitigation site(s) to enhance habitat values.

8). As an enhancement measure, provide a bypass flow downstream of the GCID main canal
crossing on Stony Creek when the GCID diversion dam/canal levee is in place. Stony
Creek bypass flows should be of a quantity to reach the Sacramento River.

I

I

C--086270
(3-086270



REFERENCES

Ayers (Ayers Associates). 1996a. Memorandum, dated December 4, 1996, from Mark Peterson
to Peter Valentine, USCOE, Sacramento, CA. Subject: evaluation of geomorphic and hydraulic
conditions on natural riffles at RM 202.5 and 205.6.

Ayers. 1996b. Draft Technical Memorandum. Riverbed Gradient Facility for the Sacramento
River at the Glenn-Colusa Irrigation District (GCID) Intake, California. Prepared for the U.S.
Army Corps of Engineers, Sacramento District, Sacramento, California. December 1996.

Barr. C.B. 1991. The distribution, habitat, and status of the valley elderberry longhorn beetle
(Desmocerus californicus dimorphus). U.S. Fish and Wildlife Service, Sacramento Field Office,
Sacramento, CA.

BEAK Consultants Inc. 1994. Administrative draft EIR/EIS: Improvement of Water Intake,
Fish Screening, and Bypass Conditions at the Glerm-Colusa Irrigation District’s Hamilton City
Pumping Plant, Glenn County, California.

Brode, J. and G. Hansen. 1992. Status and future management of the giant garter snake
(Thamnophis gigas) within the southern American basin, Sacramento and SuRer counties,
California. CDFG facility, Inland Fisheries Division, January 1992.

CH2M Hill. 1989. Final feasibility report: GCID/CDF&G Fish Protection and Gradient
Restoration Facilities. Volume 1 report. November 1989.

CH2M Hill. 1996. Technical Memorandum, dated September 19, 1996. Re: Potential pumping
restrictions at GCID for Alternative D without GRF/GMF.

DeHaven, R.W. 1989. Issue Paper: Value, Scarcity, Uniqueness, and Replaceability of Shaded
Riverine Aquatic Cover of Selected Reaches of the Sacramento River S~¢stem, Sacramento
Valley, California. U.S. Fish and Wildlife Service, Unpublished Manuscript.

DWR (California Department of Water Resources). 1996. Reconnaissance survey Sites
offstream storage project. July 1996.

GCID (Glenn-Colusa Irrigation District). 1995a. Water Transfer Policy. February 16, 1995.

GCID. 1995b. Multi-year dredge permit application.

HDR Engineering Inc. 1994. Glenn-Colusa Irrigation District. Feasibility Report. Sacramento,
CA.

C--086271
C-086271



MEI (Mussetter Engineering Inc.). 1997. Memorandum, dated April 14, 1997 from Mike
Harvey to Mark Peterson (Ayres Associates) and Peter Valentine (Sacramento District, Corps of
Engineers). Re: geomorphic analysis for GCID reach, RM 201-210 Sacramento River.

National Marine Fisheries Service (NMFS). 1992. Biological Opinion. Central Valley Project,
1992 Operations. Section 7 Consultation with the Mid-Pacific Region, U.S. Bureau of
Reclamation. National Marine Fisheries Service, Southwest Region.

RCE (Resource Consultants & Engineers). 1994. Riverbed gradient restoration structures for
the Sacramento River at the Glenn-Colusa Irrigation District (GCID) Intake, California. 2-
Dimensional Modeling of a Natural Riffle and Gradient Restoration Facility.

SWRI (Surface Water Resources, Inc.). 1997a. Hamilton City Pumping Plant Fish Screen
Improvement Project; Draft Environmental Impact Report/Environmental Impact Statement.
Prepared for the U.S. Bureau of Reclamation, U.S. Army Corps of Engineers, California
Department of Fish and Game, and the Glerm-Colusa Irrigation District. October 1997.

SWRI. 1997b. Comments, dated May 6, 1997, on GCID Fish Screen Improvement Project
Draft FWCA report.                                         .~

USBR (U.S. Bureau of Reclamation). 1992. Biological Assessment for U.S. Bureau of
Reclamation. 1992 Central Valley Project Operations. Mid-Pacific Region. Sacramento, CA.

USBR. 1995. Letter, dated January 6, 1995, from Dallas Linford, Project Construction
Engineer, Willows Construction Office, Willows, California to Diane Windham, U.S. Fish and
Wildlife Service, Sacramento, California.

USBR. 1996. Draft Conceptual Design Study. Glerm-Colusa Irrigation District fish screen
modifications/replacement.

USBR. 1997. Final report: Sedimentation study - Phase II for the Gradient Restoration facility
and Gradient Maintenance Facility. Glerm-Colusa Irrigation District, California.

USFWS (U.S. Fish and Wildlife Service). 1951. Preliminary evaluation report on fish and
wildlife resources affected by the proposed Black Butte Reservoir, Stony Creek, California.
May 1951.

USFWS. 1992a. Shaded Riverine Aquatic Cover of the Sacramento River System:
Classification as Resource Category 1 under the FWS Mitigation Policy. October 1992.

USFWS. 1992b. Fish and Wildlife Coordination Act related comments dated May 15, 1992 to
U.S. Army Corps of Engineers on Public Notice 199200284.

i 43

C--086272
(3-086272



USFWS. 1992c. Letter, dated June 4, 1992, from Fish and Wildlife Service to U.S. Army Corps
of Engineers on Public Notice 199200284.

USFWS. 1996. Letter, dated July 24, 1996, from Field Supervisor, Sacramento Field Office to
District Engineer, U.S. Corps of Engineers, Sacramento District, Sacramento, California.
Subject: Public Notice Numbers 9400330, 9400604, 9400881, 9400883, 9500239.

Vogel, D.A. and K.R. Marine. 1995. 1994 biological evaluations of the new fish screens at the
Glenn-Colusa Irrigation District’s Sacramento River pump station.

!

C--086273
C-086273



APPENDIX A

Concurrence letters from California Department of Fish and Game
and the National Marine Fisheries Service.
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~,o.DEPARTMENT~ OF FISH AND GAME,
1701 NIMBUS ROAD, SU~ A
~NCHO CORDOVA, CA 95670

(916) 35~-2~99

D~embe~ 23, 1997

~r. Wayne S. W]~te, ~Field Supervisor

Sacr~ento Field 0~
3310 El C~o Av~ue, Suite 130
Sacr~ento, C~o~a 95821-6340

~ you for the oppo~ to re~ ~d ~~t on the ~ F~ Fi~ ~d W~e
Coord~afion A= R~o~ (C~) for the ~em-~lusa ~dgafion DJ~’s Fish S~een
~prov~ent Proj~, December 1997. We ~n~ ~ ~ r~en~tio~ ~d ~d~gs o£~e
Kepo~.

~e poten~ ~pa=s to ~dc md t~e~ resoles have b~n cl~ly ou~ md
s~~ ~ the C~. ~e C~ ~ pro~de~ m ad~uat¢ b~is for r~endafio~
~dress~ ~e po~fi~ s~pe md si~can~ of~p~ts ~om ~e project. ~e l~d ~d
coopering agendes ~ve b~n jo~y wor~ on how be~ m pro~d¢ ~tJgafion ~at would,
~e eme~ pra~c~ ~mp~sate £or ~y loss ofreso~ces. ~ Dep~ent ofFi~ ~d ~
~tends to pa~dpate ~y ~ ~e development md ~plem~mfion of~e ~figafion plm.

The ~ntents of~e Dr~ C~ ~ be t~en ~to ~nsidem~on ~ we p~cJpa~e ~ ~e
~ p~e o£~ proj~ md ~ we ~ our ~opfion of ~e Feder~ BJolo~ Op~o~. ~
the pas~ we ~ ~n~ue to work closely ~ yo~ ~. ~you have my que~o~ pl~e
~nm~ ~. ~ck ~ So,or F~shc~ BJolo~st, at (916) 358-2943.

S~cerely,

Banky E. Curas
Regional Manager ............. ~

Don ~. Br~ford, ~resident
~e~-Col~a ~gafion ~=                                                ~

O. Box I50
W~ows, C~o~a 9598S
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Mr. Wayne White
De~ember 23, 1997
Pag� Two

Mr. Coary Stern
National Marin~ l:isheries Se~,~ice
777 Sonoma Avcmue, room 325
Santa Rosa, California 95404

Mr. A. Petrovich, It., Deputy Director
Departmerrt of-Fish and Game

Sacramento, California 95814

bc: Mr. Steve~l
Mr. IoeI Medlin
U. S. Fish and Wildlff’e Servica
3310 El Camino Avenue, Suite 130
Sacramento, California 95825

DeCuir & $omach
400 Capitol Mall Suite 900
Sacramento, California 95814

Mr, Nick V’dld
Ms. ,ulie Brown
Department of~’ish and Game
Rancho Cordova, California 95670
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UNITED STATES; DEPARTMENT OF COMMERCE
Na~:|onal Oceani: and A~mospherlc Administration
~TIONAL M~INE FISHERIES SERVICE
Southwes~ ~egion
77~ Sonoma Avenue, ~ 325
S~ta Ros~, CA 9540~-6528

Decker 18, 1997

Wayne S. White
Field Supervisor
U.S, Fish and Wildlife Service
Sacramento Field’Office
3310 E1 Camino Avenue, Suite 130
Sacramento, California 95821-6340

Dear Mr. White:

Thank you for the opportunity to comment on the December !997,
Draft Final Fish and Wildlife Coordination Ac~ Report for ~he
Glenn Colusa Irrigation District’s Fish Screen Improvement
Project. I concur with the report’s findings.

The draft final report provides an excellent stm~mary of the fish
screen project and it’s history. Potential effects to both
aquatic and terrestria! resources are presented clearly and
concisely. The report’s description and discussion of impacts to
Shaded Riverine Aquatic (SRA) Cover are particularly helpful to
the National Marine Fisheries Service (NMFS) for identifying
project effects on designated critical habitat for the endangered
winter-run chinook. The report’s recommendations regarding
compensation for SRA Cover losses are appropriate to mitigate
adverse effects to designated critical habitat.

We will continue to work closely with your staff as NM?S prepares
its biological opinion for the endangered winter-run chinook
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salmon and proposed endangered Central Valley steelhead. If you
have questions concerning these comments, please contact Mr.
Stern at (707) 575-6060.

Sincerely,       ’

Environmental Coordinator
Northern Area

Cc: N.V~lla, CD~G
L.Carly, USBR
S.Dunn, DeCuir & Somach
C. Hucks, USACOE
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APPENDIX B                                             I

Federal special status species that may occur in or be affected by the proposed Glenn-Colusa
Irrigation District Hamilton City Pumping Plant fish screen improvement project.

!

C--086279
C-086279



LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND CANDIDATE SPECIES

THAT MAY OCCUR IN OR BE AFFECTED BY PROJECTS IN THE AREA OF
THE GCID PUMPING PLANT FISH SCREEN IMPROVEMENT PROJEC:I’, HAMILTON CITY, CALIFORNIA

Reference File No. (DRAFT)
July 28, 1997

Listed Species

Birds                                     .
American peregrine falcon, Falco peregrinus anatum (E)

Aleutian Canada goose, Branta canadensis leucopareia (T)

bald eagle, Haliaeetus leucocephalus (T)

northern spotted owl, Strix occidentalis caurina (T)

Reptiles
giant garter snake, Thamnophis gigas (T)

Amphibians
California red-legged frog, Rana aurora draytonii (T)

Fish
winter-run chinook salmon, Oncorhynchus tshawytscha (E)

winter-run chinook salmon crit. habitat, Oncorhynchus tshawytscha (E)

delta smelt, Hypomesus transpacificus (3")

Invertebrates
Conservancy fairy shrimp, Branchinecta conservatio (E)

vernal pool tadpole shrimp, Lepidurus packardi (E)

vernal pool fairy shdmp, Branci~inecta lynchi (3")

valley elderberry longhorn beetle, Desmocerus califomicus dimorphus (T)

Plants                                                                  ~
palmate-bracted bird’s-beak, Cordylanthus palmatus (E)

hairy Orcutt grass, Orcuttia pilosa (E)

Hoover’s spurge, Chamaesyce hoovefi (3")

Colusa grass, Neostapfia colusana (3")

Proposed Species

Fish
Central Valley steelhead, Oncorhynchus m~,kiss (PE)

Sacramento sptittail, Pogonichthys macrolepidotus (PT)

Species of Concern

Mammals
Marysville Heermann’s kangaroo rat, Dipodomys californicus eximius (SC)

.!
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Reference File No. (DRAFT) Page

Species of Concern ....

Mammals
greater western mastiff-bat, Eumops perotis californicus (SC)

small-footed myotis bat, Myotis ciliolabrum (SC)

long-eared myotis bat, Myotis evotis (SC)

fringed myotis bat, Myotis thysanodes (8C)

long-legged myotis bat, Myotis volans (SC)

Yuma myotis bat, Myotis yumanensis (sO)

san Joaquin pocket mouse, Perognathus inornatus (SC)

pale Townsend’s big-eared bat, Plecotus townsendiipallescens (SC)

" Pacific western big-eared bat, Piecotus townsendii townsendii (SC) -

¯ Birds
tdcolored blackbird, Agelaius tricolor (SC)

western burrowing owl, Athene cunicularia hypugea (SC)

ferruginous hawk, Buteo regalis (SC) ’

little willow flycatcher, Empidonax traillii brewsteri (SC)

white-faced ibis, Piegadis chihi (SC)

Reptiles
northwestern pond turtle, Clemmys marmorata marmorata (SC)

Amphibians
western spadefoot toad, Scaphfopus hammondii (SC)

Fish
green sturgeon, Acipensermedirostris (SC)

river lamprey, Lampetra ayresi (SC)

Pacific lamprey, Lampetra tridentata (SC)

Iongfin smelt, Spirinchus thaleichthys (SC)

Invertebrates                                                     ,
Antioch Dunes anthicid beetle, Anthicus antiochensis (SC)

Sacramento anthicid beetle, Anthicus sacramento (SC)

Plants
Ferris’s milk-vetch, Astragalus tener var. ferrisiae (SC)

heartscale, "Atriplex cordulata (SC)

brittlescale, .Atriplex depressa (SO)

brittlescale, Atriplex depressa (SC)

valley spearscale, Atriplexjoaquiniana (SO)         "

valley spearscale, Atriplexjoaquiniana (SC)

vernal pool saltbush, Atriplex persistens (SC)
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Reference File No. (DRAFT) Page 3

Species of Concern

Plants
diamond-petaled poppy, Eschscholzia rhombipetala (SC)

adobe lily, Fritillaria pluriflora (SC)

little mousetail, Myosurus minimus ssp. apus (SC)

caper-fruited tropidocarpum, Tropidocarpum capparideum (SC)

KEY:
(E) Endangered Listed (in the Federal Register) as being in danger of extinction.

(T) Threatened Listed as likely to become endangered within the foreseeable future.
(P) Proposed Officially proposed (in the Federal Register) for listing as endangered or threatened.
(C) " Candidate Candidate to become a proposed s.pecies.
(SC) Species of May be endangered or threatened. Not enough biological information has been

Concern gathered to support listing at this time.
Critical Habitat Area essential to the conservation of a species.

C--086282
C-086282



APPENDIX C

Federal agencies responsibilities under sections 7(a) and (c) of the Endangered Species Act.

SECTION 7 (a) Consultation/Conference

Requires: 1) Federal agencies to utilize their authorities to carry out programs to conserve endangered and
threatened species 2) Consultation with FWS and/or NMFS when a Federal action may affect a listed endangered
or threatened species to insure that any action authorized, funded or carried out by a Federal agency is not likely to
jeopardize the 9ontinued existence of listed species or result in the destruction or adverse modification of critical
habitat. The process is initiated by the Federal agency after determining the action may affect a listed species; and
3) Conference with FWS and/or NMFS when a Federal action is likely to jeopardize the continued existence of a
proposed species or result in destruction or adverse modification of proposed critical habitat.

SECTION 7(c) Biological Assessment--Major Construction Activityo)

Requires Federal agencies or their designers to prepare a Biological Assessment (BA) for major construction
activities. The BA analyzes the effects of the action(2) on listed and proposed species. The process begins with a
Federal agency requesting from FWS a list of proposed and listed threatened and endangered species. The BA
should be completed within 180 days after its initiation (or within such a time period as is mutually agreeable). If
the BA is not initiated within 90 days of receipt of this list, the accuracy of the species list should be informally
verified with our Service. No irreversible commitment of resources is to be made during the BA process which
would foreclose reasonable and prudent alternatives to protect endangered species. Planning, design, and
administrative action may proceed; however, no construction may begin.

We recommend the following for inclusion in the BA: an on-site inspection of the area affected by the proposal
which may include a detailed survey of the area to determine if the species of suitable habitat are present; a review
of literature and scientific data to determine species’ distribution, habitat needs, and other biological requirements;
interviews with experts, including those within FWS and NMFS, State conservation departments, universities and
others who may have data not yet published in scientific literature; an analysis of the effects of the proposal on the
species in terms of individuals and populations, including consideration of indirect effects of the proposal on the
species and its habitat; an analysis of alternative actions considered. The BA should document the results,
including a discussion of study methods used, any problems encountered, and other relevant information. The BA
should conclude whether or not a listed or proposed species will be affected. Upon completion, the BA should be
forwarded to our office.

(1) A construction project (or other undertaking having similar physical impacts) which is a major Federal action

significantly affecting the quality of the human environment as referred to in NEPA (42 U.S.C. 4332(2)(C).

(2) "Effects of the action" refers to the direct and indirect effects of an action on the species or critical habitat,

together with the effects of other non-federal activities that are interrelated or interdependent with that action.
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APPENDIX D

Endangered Species Act Biological Opinion
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United States Department of the Interior
FISH AND WILDLIFE SERVICE
Sacramento Fish and Wildlife Office
3310 El Camino Avenue, Suite 130

~N ~LV ~FER tO: Sacramento, California 95821-6340

December 23, 1997

Walter Yep, Chief of Planning
U.S. Army Corps of Engineers
Sacramento District
1325 J Street
Sacramento, California 95814-2922

Michael Ryan, Area Manager
U.S. Bureau of Reclamation
Northern California Area Office
16349 Shasta Dam Boulevard
Shasta, California 96019-8400

Subject: Biological Opinion and Conference Opinion on the Hamilton City Pumping Plant
Fish Screen Improvement Project, Glenn County, California

Dear Messrs. Yep and Ryan:

This is in response to the U.S. Bureau of Reclamation’s (Reclamation) and the U.S. Army Corps
of Engineer’s (Corps) June 17, 1997, letter requesting formal consultation with the U.S. Fish and
Wildlife Service (Service) pursuant to section 7 of the Endangered Species Act of 1973, as
amended (Act). This document represents the Service’s biological opinion on the proposed
Hamilton City Pumping Plant Fish Screen Improvement Project in Glenn County on the
threatened valley elderberry longhorn beetle (Desmocerus californicus dimorphus) and giant
garter snake (Thamnophis gigas).

This document also includes a conference opinion prepared pursuant to 50 CFR §402.10, which
addresses project effects on the proposed threatened Sacramento splitta{1 (Pogonichthys
macrolepidotus). On January 6, 1994, a proposed rule to list the Sacramento splittail as a
threatened species was published in the Federal Register (59 FR 862). Should the Sacramento
split-tail become listed, Reclamation and the Corps may request that the Service adopt this
conference opinion as a biological opinion issued through formal consultation.

The Service concurs with Reclamation’s and the Corp’s determination that the proposed project,
as described below in the Description of the Proposed Action, is not likely to adversely affect
Delta smelt (Hypomesus transpacificus), bald eagle (Haliaeetus leucocephalus), Aleutian Canada
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goose (Branta canadensis leucopareia), American peregrine falcon (Falco peregrinus anatum),
California red-legged frog (Rana aurora draytonii), Conservancy fairy shrimp (Branchinecta
conservatio), vernal pool fairy shrimp (Branchinecta lynchi), vernal pool tadpole shrimp
(Lepiduruspackardi), Hoover’s spurge (Chamaesyce hooveri), palmate-bracted bird’s beak
(Cordylanthuspalmatus), Butte County meadowfoam (Limnanthesfloccosa spp. Californica),
Colusa grass (Neostapfia colusana), slender Orcutt grass (Orcuttia tenuis), hairy Orcutt grass
(Orcuttia pilosa), or Greene’s tuctoria (Tuctoria greenei).

Effects to giant garter snakes associated with Glerm-Colusa Irrigation District’s (GCID)
of Level 4 water supplies to the Sacramento, Delevan, and Colusa National Wildlifeconveyance

Refuges will be addressed under a separate section 7 consultation for the Refuge Water Supply
Program of the Central Valley Project Improvement Act.

The fmdings and recommendations in this consultation and conference are based on: (1) the
revised September 18, 1997, biological assessment; (2) the public draft Environmental Impact
Report/Environmental Impact Statement (September 1997) for the proposed project; (3) the
Corp’s Public Notice Number 199700567, dated October 3, 1997; (4) information on possible
and probable effects and proposed mitigation submitted as part of this consultation; (5)
information in our files; and (6) site visits to the local project area on April 18, 1997, and
October 7, 1997. A complete administrative record for the project is on file at the Sacramento
Fish and Wildlife Office.

This opinion is only on the GCID’s Hamilton City Pumping Plant Fish Screen Improvement
Project based on current GCID water contract quantities totaling 825,000 acre feet per year and
does not constitute the Service’s biological opinion on any related or future actions.

Consultation History

A November 2, 1993, species list (Service file# 1-1-93-SP-1570) was provided by the Service in
response to a September 24, 1993, request by Reclamation. An updated species list was included
in the June 1995 administrative draft Fish and Wildlife Coordination Act (FWCA) report.
Surface Water Resources, Inc., serving as the designated non-Federal representative for
Reclamation and the Corps, requested an updated species list on March 4, 1997. The Service
sent a species list (Service file# 1-1-97-SP-0904) on March 25, 1997. Reclamation’s and the
Corp’s June 17, 1997, request for endangered species consultation was received by the Service on
June 18, 1997. An updated species list, dated July 28, 1997, was provided in the September
1997, public draft FWCA report.

Technical assistance has been provided by the Service through the informal consultation process
as early as 1988. Informal consultation has occurred through various steering committee,
Technical Advisory Group, Project Manager Group, EIR/EIS Work Group, and Agency
Management Group meetings. Informal consultation meetings specific to endangered species
issues were held on September 20, 1996, and February 6, 1997, with the lead agencies and their
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designated non-Federal representatives. Further informal consultation input has been provided
by the Service through the review of the various draft versions of the EIR/EIS, draft biological
assessment, and the scope of work for elderberry shrub surveys. A site visit was conducted on
April 18, 1997, to evaluate elderberry shrub impacts in the local project area and identify
potential off-site mitigation areas. Formal consultation was initiated by Reclamation and the
Corps on June 18, 1997. A September 18, 1997, revised biological assessment was provided by
Reclamation and the Corps and received by the Service on September 19, 1997. A meeting was
held on October 15, 1997, between Sacramento Fish and Wildlife Office staff, Reclamation staff,
and counsel for GCID to discuss transplant timing options for the valley; elderberry longhorn
beetle’s host plant, elderberry (Sambucus species). The Service provided draft biological and
conference opinion terms and conditions to the lead agencies at a November 21, 1997, meeting.
The Service transmitted a draft biological opinion, via a December 11, 1997, letter to
Reclamation and the Corps.

An informal conference for Sacramento splittail was previously conducted based on a
Reclamation request dated November 14, 1994. A January 19, 1995, memo from the Service to
Reclamation outlined information needs following a January 12, 1995, meeting. Sacramento
splittail information in the local project area was provided by the California Department of Fish
and Game in a February 3, 1995, letter. The Service’s prior concurrence that the proposed action
was not likely to adversely affect Sacramento splittail was based on project information as of
May 31, 1995. At that time, the informal conference was on the multiple bay fish screen facility
with a check structure blocking the oxbow channel, absent a gradient facility. The currently
recommended alternative differs markedly, both structurally and operationally, compared to the
proposed project that was informally conferenced on in 1995.

BIOLOGICAL AND CONFERENCE OPINIONS

Description of the Proposed Action

The GCID is the largest diverter of water on the upper Sacramento River. Its primary point of
diversion is at the Hamilton City Pumping Plant in northeastern Glenn County. The proposed
project site is located on the Sacramento River and adjacent oxbow channel between River Miles
(RM) 205 and 206 near the Glenn County, Tehama County, and Butte County lines in portions of
Sections 1, 2, 35, and 36, Township 22N and 23N, Range 2W, M.D.B. &M (Capay Rancho
Lands).

The purpose of the project is to: (1) minimize fish losses at the Hamilton City Pumping Plant;
and (2) to restore GCID’s capability to divert the full quantity of water it is entitled to divert to
meet its water supply obligations.
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The specific objectives established to meet these project purposes include:

1. Provide state-of-the-art fish screen protection that is reliable, cost effective, and
minimizes all fish losses, including losses to endangered species;

2. Enable GCID to meet instantaneous (peak) demands (within the capacity of the
existing Hamilton City Pumping Plant) and provide long-term reliability for water
deliveries, including conveyance of Level 4 water supplies to Service refuge
lands; and

3. Minimize the potential risk to screen performance due to local changes in river
gradient and alignment through the construction of a gradient facility.

The action area analyzed by the Service for this biological opinion includes: (1) the GCID
service area and lands served by GCID water transfers; (2) GCID water supply sources including
CVP storage and conveyance facilities, Stony Creek, drain water recapture, and groundwater
pumping; (3) the Sacramento River and Sacramento/San Joaquin Delta; and (4) the lands and
appurtenant physical elements at the Hamilton City Pumping Plant.

The GCID claims pre-1914 water fights in excess of one million acre feet (GCID 1995). In 1964
GCID entered into a water fights settlement with Reclamation. The settlement contract provided
GCID with 720,000 acre feet of base supply water (Sacramento River and Stony Creek) during
the months April through October and also provided for the purchase of an additional 105,000
acre feet of Central Valley Project (CVP) water. The GCID can purchase additional CVP water,
if surplus water is available. Additional water sources include groundwater pumping and
agricultural drain recapture.

The aquatic habitat in the local project area, approximately RM 204.5 to 206.5, is characterized
by varying water depths, velocities, substrate, and quantity of instream cover. The oxbow
channel provides a more uniform aquatic habitat, as compared to the fiver, due to channel
maintenance activities. Freshwater emergent marsh habitat occurs alon~ the left bank of
Sacramento River at approximately RM 206. Terrestrial habitats in the local project area are
comprised of Great Valley Mixed and Oak Riparian forest, grasslands, gravel bars, agricultural
lands, and disturbed areas such as roads, facilities, and parking areas. Habitat types are described
in greater detail in SWRI (1997).

The GCID delivers water to approximately 175,000 acres of agficultur~ lands in Glenn and
Colusa counties. Water is also delivered to the Sacramento, Delevan, and Colusa National
Wildlife Refuges. The GCID also transfers water surplus to its needs, when available, for use
within and outside the GCID service area (GCID 1995). Water transfers are limited to quantities
up to 20,000 acre feet of base supply water each year through the irrigation season immediately
preceding the year in which GCID renews Contract No. 14-06-200-855A or April 1, 2003,
whichever is 1 available for transfer will result fromsooner(USBI 997). Surpluswater water
conservation and drain water recapture practices, cropping pattern changes with lower water use
requirements, and above average annual or seasonal water year conditions (USBR 1997).
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Reclamation and the Corps, along with the State cost-sharing partners, GCID and the California
Department of Fish and Game, propose to construct a new fish screen and riverbed gradient
restoration structure in the Sacramento River at approximately RM 206. Hydraulic changes due
to the cutoff of a downstream river bend, reduced the water surface elevation and river gradient
at the fish screen. Reduced water surface elevations decreased the wetted screen area and
therefore increased through-screen (approach) velocities. Higher approach velocities increased
the impingement of fish on the screen. Pumping restrictions were stipulated for the protection of
winter-run chinook salmon in 1992. These restrictions have reduced the diversion capacity at the
plant, but have not altered the river gradient. The reduced river gradient lowers sweeping
velocities (flows parallel to the fish screen) which result in juvenile fish taking longer to travel
past the screen and provide slower water habitat where predatory fish may reside.

Physical elements of the proposed project include the modification and extension of the existing
fish screen structure, improvements to the upper and lower oxbow channel, a flow control
structure with removable bridge deck, gradient facility, rock dikes in the Sacramento River,
staging areas, and an internal bypass system. These project elements are described as follows.

Extended Fish Screen Structure

The screen extension will be placed upstream of the existing screen so that it will increase the
existing screen length from about 450 feet to 1,050 feet. Final design could change the length of
the screen by approximately 100 feet. The construction schedule for the fish screen extension
begins with mobilization in mid-April 1998 and ends with cofferdam removal in mid-November
1999.

The screen design will be similar to the existing screen. The flat-plate screen mesh will consist
of of steel at 3/32-inch intervals and steel members anchoredstrips spaced supportedby to
concrete piers. The screen will extend up from the foundation approximately 12 feet, where steel
plates will extend approximately 15 more feet to a 16-foot wide deck where equipment and
vehicles could access the screen for maintenance activities. The screen will be constructed so
that river flows less than approximately 100,000 cfs will not overtop the fish screen deck. The
new screen structure will incorporate three internal bypasses to return fish to the lower oxbow
channel. The internal bypass pipelines will require about 15,000 cubic yards of excavation and
dredging behind the existing screens in the forebay area with an associated 14,000 cubic yards of
structural back/ill. Bank protection and revegetation methods will be used during and after
construction to reduce silt loads to the forebay.

A sheetpile retaining wall will extend immediately upstream of the screen to transition oxbow
flows from the upper oxbow bank improvements (see Improved Upper Oxbow Channel, below)
to the new screen. These transition walls will be designed to minimize eddies that could create
predator holding areas. Construction of the new screen will require cofferdamming, unwatedng,
and dewatering in the oxbow. These cofferdams will be created by using vibrating pile drivers
operated from shore or from barges. In-water construction for the new screen will include the
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placement of a cofferdam around three sides of the construction up to elevation 153.0 feet above
mean sea level. Steel sheetpiles will be used to form the cofferdam with tip elevations to
approximately 96.0 at the top of the riverbank formation. The new screen facility will consist of
excavation of 25,000 cubic yards of material for the structure foundation and internal bypass
pipeline.

The forebay dredging and excavation will be entirely behind the screen facility (old and new),
which will eliminate turbidity impacts to the river. The majority of construction will be staged to
excavate in the dry about 90,000 cubic yards of materials. The final 4,000 cubic yards of
material excavated is likely to be wet excavation by dragline, with bank slope grading and
protection with riprap vegetation.

Several and utilities will need to be relocated in construction.workshops underground early
Workshops will be moved to an area adjacent to the heliport near the California Department of
Fish and Game building. New utilities will be constructed underground and routed around the
area proposed for the expanded forebay. All new utilities for the workshops and new fish screen
will be placed underground. The existing fish screens will be retrofitted with baffles to increase
the uniformity of approach velocities in front of the screens. Baffles will be included with
construction of the new screen.

Improved Upper Oxbow Channel

The upper oxbow (upstream from the screen) will be modified to improve the uniformity of
flows approaching the screen to decrease predation. Modifications will include clearing of
vegetation in the construction area and the central portion of the channel, recontouring the
channel and sideslopes, and placing riprap on the channel banks. Approximately 1,500 cubic

of 24-inch will be within 170 feet of the northern end of theyards riprap placed upstream new
screen for bank stabilization. The slope stabilization will extend from the key trench to elevation
150 (approximately). A total of 300 feet of bank on both sides of the channel will be modified
which will result in 600 feet of bank improvements upstream of the screen. Silt, sedimentation,
and erosion will be contained within total daily maximum load limits through a combination of
best management practices, such as desilting basins, bank protection, silt curtains, and
containment berms. Construction to modify the upper oxbow channel starts in April 2000 and
ends in June 2000.                                            :

Improved Lower Oxbow Channel

The. lower oxbow (downstream of the screen) will be modified to improve velocities to decrease
predation. The existing channel bottom will be reconfigured into a trapezoid shape for
conveying normal summer low flows and for carrying bypassed juvenile fish back to the river.
The channel will be narrowed by adding to the embankment of the access road on Montgomery
Island. Fill and riprap will be placed on the opposite bank either from the road or from a barge.
Preliminary design estimates of the lower oxbow and training wall show excavation quantities of
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around 5,000 cubic yards and fill quantities (dredge material and riprap) of about 145,000 cubic
yards. Materials for the fill along the bypass channel and training wall will come from the
dredge spoils on Montgomery Island. Riprap sizing will be on the order of 18-inch to 24-inch
(Ds0 size), based on final design data from the gradient facility hydraulics analysis. Modification
of the channel will require the construction of temporary earthen cofferdams. Construction to
modify the lower oxbow channel starts in April 2000 and ends in June 2000.

Oxbow Flow Control Structure with Removable Bridge Deck

A permanent oxbow flow control structure will be installed. The new structure will be designed
with adjustable height control so that lower oxbow flows could be maintained at optimum rates
for fish protection over a range of river flow conditions. The current design of the weir/bridge
structure includes tapered inlet and outlet transitions, an adjustable weir with stoplogs, and a
removable bridge located near the existing island access road. The water control structure, in
conjunction with the gradient facility, will be used to create head to drive the internal bypass
system. A cofferdam will be needed to construct the bridge abutments and weir. The water
control/bridge/outlet complex area, including the diversion of the bypass channel around the
cofferdam, will consist of 2,500 cubic yards of excavation inside the cofferdam and 9,000 cubic
yards to construct the temporary diversion. Approximately 3,800 cubic yards ofriprap will be
used to protect the banks of the inlet transition areas and exit to the water control/bridge/outlet
channel. During the cofferdam placement and construction of the temporary bypass channel,
desilting basins and bank protection will be used to minimize the silt load to the river.
Equipment, such as draglines, sheetpile drivers and backhoes, will work from shore on both sides
of the temporary bypass channel to lessen the use of equipment below waterline. Design of the
in-water portion will minimize the potential for predator holding areas. Construction for the
oxbow flow control structure and removable bridge starts in May 1998 and ends in July 1998.

Gradient Facility_

The construction of the gradient facility will occur from mid-May 1999 through mid-November
1999. Construction will occur in four phases during one year with one-half of the river channel
blocked by cofferdams in each of the four phases. The downstream portion of the gradient
facility will be installed first, starting with the west (Montgomery Island) side of the river
channel. The downstream east side of the channel will be constructed second. The west and east
sides of the upper portion of the gradient facility will then be constructe~l third and fourth,
respectively. Placement of riprap between the buffed sheet piles will be completed within
dewatered areas prior to moving upstream. The in-river construction activities will include
contouring and placing riprap on the river channel. The entire bed 6fthe 1,000-foot fiver
channel portion of the gradient facility will be covered with riprap in a configuration that
simulates natural riffles in the vicinity of the project (RCE 1994; Ayres 1996). This
configuration will include the construction of depressions in the river b.e.d to establish slower
velocity pool areas for upstream migrating adult fish, a longitudinal ber~n to maintain channel
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alignment, and a thalweg channel where the primary energy path of the river will be directed.
Detailed descriptions of the facility are presented in Ayres (1996).

Channel and levee work will include clearing vegetation and placing riprap along both sides of
the river, on east side river levees, and at the proposed locations for the .rock dikes immediately
upstream of the gradient facility. Riprap will be placed along both sides of the river channel,
including the in-fiver gradient facility portion of the channel, for a total distance of 3,600 feet.
Additional ~iprap will be placed on high-water fiver banks upstream and downstream of the in-
river portion of the gradient facility. High-water fiver bank riprap will be placed over a total
distance of approximately 4,400 feet.

Rock Dikes in River

The fiver channel and levee riprap described above for the gradient facility will be supplemented
by the placement of four rock dikes immediately upstream of the gradient facility on the east side
of the river. The purpose of the dikes will be to prevent the river from flanking the gradient
facility (Mussetter 1997). The dikes will be approximately 40 feet long and extend perpendicular
to the river bank toward the main channel. The dikes will be separated at distances of about 150
feet.

Staging Areas

Three temporary staging areas will be constructed to stockpile rock, store equipment and
construction materials, provide employee parking, provide a desilting basin, and serve as a
construction management area for the construction contractors, inspectors, and lead agency
construction managers. One staging area will be located on GCID’s land across from the
pumping plant service yard at the intersection of First Avenue and Cutler Avenue. It will be up
to 14 acres in size. A second staging area will be located on the southeast portion of
Montgomery Island and cover an area up to 10 acres. The third staging area will be on the east
side of the river directly across from Montgomery Island and cover an area up to 10 acres.

Internal Bypass System

An internal bypass system will convey juvenile fish moving along the screen face into one of
three bell-shaped entrance bays that transition to an approximately 4- to 5-foot diameter pipeline.
The gradient facility will provide the hydraulic head to operate the internal bypasses. The fish
will then be returned to the oxbow immediately downstream of the screen. This alternative will
enable the fish screen to meet all fish protection and screen performance criteria established for
this project, including exposure time (2.5 minutes or less) of downstream migrating juvenile fish
passing the screen face. Construction of the internal bypass systems will occur from mid-June
1998 2000.throughmid-August
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Training Wall

In 1992, the GCID constructed a training wall across the channel from the interim flat-plate
screen to improve sweeping flows on the face of the fish scree. This training wall consists of
excess dredged material capped with riprap. It was constructed to elevation 137 with a 2:1 slope.
The new designed elevation for the training wall is 141 feet and will extend approximately 600
feet upstream. 0

Operations and Maintenance Dredging

The proposed project will restore GCID’s historic diversion capability in order to meet its water
supply delivery obligations. Diversions at the Hamilton City Pumping Plant will occur in all
months. Diversions will peak in mid-April to mid-May to irrigate early plantings and flood rice
fields, and then peak again in June through August to meet summertime irrigation demands.
Peak diversions reach 3,000 cfs at the Hamilton City Pumping Plant. Diversions would decline
in late-August to early-September, but continue for rice decomposition and refuges. Average
monthly diversion rates at the Hamilton City Pumping Plant during the October 1 through April
15 will not exceed 1,500 cfs.

The GCID will maintain bypass flows between 500 cfs and 1,200 cfs for all river discharges
above 7,000 cfs. During river flows less than 4,000 cfs, the bypass flows are estimated at 200
cfs. The GCID will also maintain 0.33 feet per second approach velocities through the season of
operation and a sweeping velocity of at least two times the approach velocity.

The (]CID’s maintenance activities, once the project is constructed, will consist of five elements:
(1) dredging the channel upstream of the Hamilton City Pumping Plant; (2) dredging the bypass
channel; (3) placing fill material to maintain the downstream bypass channel below the flat-plate
screens; (4) maintaining the training wall structure opposite the flat-plate screens; and (5)
maintaining the gradient facility functionality.

Based on experience, it is expected that dredging will maintain an invert elevation no lower than
128 feet in the upper oxbow channel. The bottom width of the channel will be 145 feet. Under
the future operations with the appropriate design invert elevation and a bottom width of 145 feet,
the bypass channel flow of 500 cfs to 1,200 cfs will be maintained by adjusting the water control
structure weir crest.

In early Spring, when river conditions permit, the GCID will survey the intake channel to
determine whether dredging is required to meet the proposed channel configuration and to
determine the amount of material that will actually need to be removed.’ The range of dredge
material is expected to be from 10,000 cubic yards to 120,000 cubic yards, depending on the

As soon as high flow conditions subside, the GCID will begin dredging activities byyear.
moving a dragline and excavators to Montgomery Island to cut fmgers through the gravel bar to
allow flow into the channel. Access to the island will be provided by the bridge. The design
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grade for the cuts will not exceed elevation 128. Gravel that is not accessible to draglines and
excavators will be removed by suction dredge. All dredging will be completed by July 1.
Draglines will not be used during the five-day period in which the Coleman National Fishery
Hatchery smolts are released. Dredging will not occur within 50 feet of the right bank of the
Sacramento River at the upper portion of the oxbow channel, to avoid impacting bank stability.

To maintain bypass flows and to eliminate predator holding areas, the GCID will maintain the
trapezoidal channel configuration designed by Reclamation. The proposed cross section of the
bypass channel has an invert elevation of 127 feet and a bottom width of 14 feet. To maintain a
slope of approximately 2:1 on both banks of the bypass channel, the GCID will maintain fill
material and riprap as designed to elevation 140. The range of necessary channel dredging in the
lower channel is expected to be 5,000 cubic yards to 50,000 cubic yards, depending on the year.
The final design will use a protective riprap size.

The proposed project will comply with: (1) the Serviee’s 1994 and 1995 delta smelt biological
opinions (Service 1994a, 1995) for the CVP and State Water Project (SWP); (2) the National
Marine Fisheries Service winter-run chinook salmon biological opinions for the CVP/SWP
(NMFS 1993, 1995); (3) the Bay-Delta Accord; (4) the Service’s delta smelt biological opinion
on the Environmental Protection Agency’s (EPA) Water Quality Standards for the San
Francisco/Sacramento-San Joaquin Rivers and Delta (Service 1994b); and (5) GCID’s Water
Transfer Policy as analyzed in the associated California Environmental Quality Act (CEQA) and
National Environmental Policy Act (NEPA) documentation (GCID 1996 and USBR 1997).

Proposed Conservation Me.asures

Reclamation and the Corps propose to mitigate adverse effects to the valley elderberry longhorn
beetle by complying with the Service’s September 19, 1996, Mitigation Guidelines for the Valley
Elderberry Longhorn Beetle, with the possible exception of elderberry shrubs .affected by the fish
screen extension portion of the project. Reclamation and the Corps may transplant elderberry
shrubs affected by the fish screen extension outside of the established transplant window
(November to ftrst two weeks of February). Elderberry shrubs affected by the fish screen
extension construction that occurs prior to November 1998 will follow the guidelines with the
exception of timing and mitigation ratio variances if these shrubs are transplanted outside the
established transplant window, otherwise the guidelines apply entirely. Mitigation ratios for
transplanting outside the Guidelines are provided in the Incidental Take Statement below (term
and condition 2B). Habitat restoration and revegetation for the valley elderberry longhorn beetle
will be conducted in conjunction with measures to compensate riparian habitat losses.
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Status of the Species

Valley elderberry_ longhorn beetle

On August 8, 1980, the valley elderberry longhorn beetle, Desmocerus californicus dimorphus,
(beetle) was listed as a threatened species (45 FR 52803). The Service has designated two areas
in Sacramento County, California, as critical habitat for the beetle (45 FR 52803).

Longhorn beetles (family Cerambidae) are characterized by somewhat elongate and cylindrical
bodies with long antennae, often in excess of 2/3 of the body length. The valley elderberry
longhorn beetle is stout-bodied. Males range in length from about 13-2! mm (measured from the
front of the head to the end of the abdomen) with antenna about as long as the body. Females are
slightly more robust than males, measuring about 18-25 mm, with somewhat shorter antennae.
Valley elderberry longhorn beetles are dark metallic-green with a bright red-orange border on the
elytra (thickened, hardened forewings). Males generally have the metallic-green elytral pattern
reduced to four oblong spots, exhibiting much of the red-orange color. Females and some males
are mostly metallic-green and exhibit only a narrow band of red-orange color along the front
margin of the elytra, resembling the nominate subspecies, D. c. californ, icus. The red-orange
border eventually fades to yellow on museum specimens.

The valley elderberry longhorn beetle is dependent on its host plant, elderberry (Sambucus
species), which is a common component of the remaining riparian forests of the Central Valley.
Use of the plants by the animal, a wood borer, is rarely apparent. Frequently, the only exterior
evidence of the shrub’s use by the beetle is an exit hole created by the larva just prior to the pupal
stage. Recent field work along the Cosumnes River and in the Folsom Lake area indicates that
larval galleries can be found in elderberry stems with no evidence of exit holes; the larvae either
succumb prior to constructing an exit hole or are not far enough along in the developmental
process to construct an exit hole. Larvae appear to be distributed in stems which are 1.0 inch or
greater in diameter at ground level. The "Valley Elderberry Longhorn Beetle Recovery Plan"
(USFWS 1984) and Barr (1991) contains further details on the beetle’s life history.

The Service believes that the valley elderberry longhorn beetle, though wide-ranging, is in long-
term decline due to human activities which have resulted in widespread alteration and
fragrnent~tion of riparian habitats, and to a lesser extent, upland habitats, which support the
beetle. Due to the limited knowledge about the beetle’s life history, and its ecological
requirements, precise threats to its survival are difficult to enumerate. The primary threat to
survival of the beetle, however, continues to be loss and alteration of habitat by agricultural
conversion, grazing, levee construction, stream and river charmelization, removal of riparian
vegetation, rip-rapping of shoreline, plus recreational, industrial and urban development.
Insecticide and herbicide use in agricultural areas and along road right-of-ways may be factors
limiting the beetle’s distribution. The age and quality of individual elderberry shrubs/trees and
stands as a foodplant for beetle may also be a factor in its limited distribution.
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Giant garter snake

The giant garter snake was listed as a threatened species on October 20, 1993 (58 FR 54053).
Fitch (1940) described the historical range of the species as extending from the vicinity of
Sacramento and Contra Costa Counties southward to Buena Vista Lake, near Bakersfield, in
Kern County. Prior to 1970, the giant garter snake was recorded historically from 17 localities
(I-Iansen and Brode 1980). Five of these localities were clustered in an~ around Los Banos,
Merced County, and the paucity of information makes it difficult to determine precisely the
species’ former range. These records coincide with the historical distribution of large flood
basins, fresh water marshes, and tributary streams.

The giant garter snake is one of the largest garter snakes, reaching a total length of at least 160
cm. Females tend to be slightly longer and stouter than males. The mass of adult female giant
garter snakes is typically 1.1-1.5 pounds (500-700 grams). Dorsal background coloration varies
from brownish to olive with a checkered pattern of black spots, separated by a yellow dorsal
stripe and two light colored lateral stripes. Background coloration and prominence of black
checkered pattern and the three yellow stripes are geographically and individually variable
(Hansen 1980). The ventral surface is cream to olive or brown and sometimes infused with
orange, especially in northern populations.

Endemic to wetlands in the Sacramento and San Joaquin valleys, the giant garter snake inhabits
marshes, sloughs, ponds, small lakes, low gradient streams, and other waterways and agricultural
wetlands, such as irrigation and drainage canals and rice fields. Giant garter snakes feed on
small fishes, tadpoles, and frogs (Fitch 1941, Hansen 1980, Hansen 1988). Habitat requisites
consist of: (1) adequate water during the snake’s active season (early-spring through mid-fall) to
provide food and cover; (2) emergent, herbaceous wetland vegetation, s~uch as cattails and
bulrushes, for escape cover and foraging habitat during the active season; (3) grassy banks and
openings in waterside vegetation for basking; and (4) higher elevation uplands for cover and
refuge from flood waters during the snake’s dormant season in the winter (Hansen 1980). Giant
garter snakes are typically absent from larger rivers and other water bodies that support
introduced populations of large, predatory fish, and from wetlands with sand, gravel, or rock
substrates (Hansen 1980, Rossman and Stewart 1987, Brode 1988, Hansen 1988). Riparian
woodlands do not provide suitable habitat because of excessive shade, lack of basking sites, and
absence of prey populations (Hansen 1980).

The giant garter snake inhabits small mammal burrows and other soil crevices above prevailing
flood elevations throughout, its winter dormancy period (November to mid-March). Giant garter
snakes typically select burrows with sunny exposure along south and west facing slopes. Giant
garter snakes also use burrows as refuge from extreme heat during their active period. The
Biological Resources Division (BRD) of the USGS (Wylie, et al. 1997) has documented giant
garter snakes using burrows in the summer as much as 165 feet (50 meters) awayfrom themarsh
edge. Overwintering snakes have been documented using burrows as far as 820 feet (250
meters) from the edge of marsh habitat. During radio-telemetry studies conducted by the BRD
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giant garter snakes typically moved little from day to day. However, total activity varied widely
between individuals. Snakes have been documented moving up to 5 miles (8 kilometers) over
the period of a few days (Wylie et al. 1997).

The breeding season extends through March and April, and females give birth to live young from
late July through early September (Hansen and Hansen 1990). Brood size is variable, ranging
from 10 to 46 young, with a mean of 23 (Hansen and Hansen 1990). Young immediately scatter
into dense cover and absorb their yolk sacs, after which they begin feeding on their own.
Although growth rates are variable, young typically more than double iri size by one year of age
(G. Hansen, pers. comm.). Sexual maturity averages three years in males and 5 years for females
(G. Hansen, pers. comm.).

The giant garter snake currently is only known from a small number of populations. The status
of these populations and the threats to these snakes and their habitats are detailed in the final rule
that listed the giant garter snake as threatened (58 FR 54053). A number of land use practices
and other human activities currently threaten the survival of the giant garter snake throughout the
remainder of its range. Although some giant garter snake populations have persisted at low
levels in artificial wetlands associated with agricultural and flood control activities, many of
these altered wetlands are now threatened with urban development. Cities within the current
range of the giant garter snake that are rapidly expanding include: (1) Chieo, (2) Yuba City, (3)
Sacramento, (4) Gait, (5) Stockton, (6) Gustine, and (7) Los Banos.

Sacramento splittail

On January 6, 1994, a proposed role to list the Sacramento splittail (Pogonichthys

macrolepidotus) as a threatened species was published in the Federal Register (59 FR 862).

The Sacramento splittail is a large cyprinid that can reach greater than 12 inches in length (Moyle
1976). Adults are characterized by an elongated body, distinct nuchal hump, and a small blunt
head with barbels usually present at the comers of the slightly subterminal mouth. This species
can be distinguished from other minnows in the Central Valley of California by the enlarged
dorsal lobe of the caudal fin. Sacramento splittail are a dull, silvery-gold on the sides and olive-
grey dorsally. During the spawning season, the pectoral, pelvic and caudal fins are tinged with
an orange-red color. Males develop small white nuptial tubercles on th~ head.

Sacramento splittail are long-lived, frequently reaching five to seven years of age. Generally,
females are highly fecund, producing over 100,000 eggs each year (Daniels and Moyle 1983).
Populations fluctuate annually depending on spawning success, which is highly correlated with
freshwater outflow and the availability of shallow-water habitat with submersed, aquatic
vegetation(Danielsand Moyle 1983). Sacramento splittail usually reach sexual maturity by the
end of their second year at a size of 180 to 200 mm. There is some variability in the reproductive
period since older fish reproduce before younger individuals (Caywood 1974). The largest
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recorded Sacramento split-tail have measured between 380 and 400 mm (Caywood 1974, Daniels
and Moyle 1983). Adults migrate into fresh water in late fall and early winter prior to spawning.
The onset of spawning is associated with rising temperature, lengthening photoperiod, seasonal
runoff, and possibly endogenous factors from the months of March through May, although there
are records of spawning from late January to early July (Wang 1986). SPawning occurs in water
temperatures from 9° to 20° C over flooded vegetation in tidal freshwater and euryhaline habitats
of estuadne marshes and sloughs and slow-moving reaches of large rivers. The eggs are
adhesive or become adhesive soon after contacting water (Caywood 1974, and Bailey, University
of California at Davis, pers. comm. 1994 as cited in Department and Reclamation 1994). Larvae
remain in shallow, weedy areas close to spawning sites and move into deeper water as they
mature (Wang 1986).

splittail are foragers on opossum shrimp, althoughSacramento benthic thatfeed detdtalmaterial
makes up a large percentage of their stomach contents (Daniels and Moyle 1983). Earthworms,
clams, insect larvae, and other invertebrates are also found in the diet. Predators include striped
bass and other piscivorous fish, birds, and mammals. Sacramento splittail are sometimes used as
bait by anglers for striped bass.

Sacramento splittail can tolerate salinities as high as 10 to 18 ppt (Moyle 1976, Moyle and
Yoshiyama 1992). Sacramento splittail are found throughout the Delta (Turner and Kelly 1966),
Suisun Bay, and Suisun and Napa marshes. They migrate upstream from brackish areas to
spawn in freshwater. Because they require flooded vegetation for spawning and rearing,
Sacramento splittail are frequently found in areas subject to flooding.

The 1985 to 1992 decline in Sacramento splittail abundance is concurrent with hydrologic
changes to the Estuary. These changes include increases in water diversions during the spawning
period January through July. Diversions, outflow, coupled severefrom damsandreduced
drought years, introduced aquatic species, and loss of wetlands and shallow-water habitat have
reduced the species’ capacity to reverse its decline (Moyle et. al. 1992). Please refer to 59 FR
862 (Service 1994c) and Department and Reclamation (1994) for additional information on the
biology and ecology of the Sacramento splittail.

Environmental Baseline

Valley elderberry_ longhorn beetle

Population densities of the beetle are probably naturally low (USFWS 1984). It has been
suggested, based on the spatial distribution of occupied shrubs (Burr 1991), that the beetle is a
poor disperser. Low density and limited dispersal capability may cause the beetle to be
vulnerable to the negative effects of the isolation of small subpopulations due to habitat
fragmentation.
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Extensive destruction of California’s Central Valley riparian forests has occurred during the last
150 years due to agricultural and urban development. Based on a 1979 aerial survey, only about
102,000 acres out of an estimated 922,000 acres of Central Valley riparian forest remain
(Katibah et al. 1981). More extreme figures were given by Frayer et al. (1989), who reported
that approximately 85 percent of all wetland acreage in the Central Valley was lost before 1939;
and that from 1939 to the mid-1980’s, the acreage of wetlands dominated by forests and other
woody vegetation declined from 65,400 acres to 34,600 acres. Differences in methodology may
explain the differences between the studies. In any case, the historical loss of riparian habitat in
the.Central Valley strongly suggests that the range of the beetle has been reduced and its
distribution greatly fragmented. Loss of non-riparian habitat where elderberry occurs (e.g.,
savanna and grassland adjacent to riparian habitat, oak woodland, mixed chaparral-woodland),
and where the beetle has been recorded (Barr 1991), suggests further reduction of the beetle’s

and increased fragmentation of its upland habitat.range

The beetle’s current distribution is patchy throughout the remaining habitat of the Central Valley
from Redding to Bakersfield. The beetle appears to be only locally common, i.e., found in
population clusters which are not evenly distributed across available elderberry shrubs. Surveys
conducted in October 1996 identified approximately 190 elderberry plants, comprised of
individual shrubs or clusters, in the local project area. Elderberry shrubs that will be avoided by
the project were not surveyed. In addition, not all of the shrubs surveyed will be affected by the
project. Of the elderberry plants surveyed, approximately 3,046 stems greater than 1.0 inch
diameter at ground level were measured. Exit holes were present, but occurred in less than 50
per cent of the stems measured.

Giant .garter .snake

the last two decades have located the giant garter snake as far north as the ButteSurveysover
Basin in the Sacramento Valley. Currently, the Service recognizes 13 separate populations of
giant garter snake, with each population representing a cluster of discrete locality records
(USFWS 1993). The 13 extant population clusters largely coincide with historical riverine flood
basins and tributary streams throughout the Central Valley (Hansen 1980, Brode and Hansen
1992): (1) Butte Basin, (2) Colusa Basin, (3) Sutter Basin, (4) American Basin, (5) Yolo
Basin-Willow Slough, (6) Yolo Basin-Liberty Farms, (7) Sacramento Basin, (8) Badger Creek-
Willow Creek, (9) Caldoni Marsh, (10) East Stockton-Diverting Canal and Duck Creek, (11)
North and South Grasslands, (12) Mendota, and (13) Burrell-Lanare. These populations span the
Central Valley from just southwest of Fresno (Burrell-Lanare) north to Chico (Hamilton Slough).
The 11 counties where the giant garter snake is still presumed to occur are: Butte, Colusa,
Glenn, Fresno, Merced, Sacramento, San Joaquin, Solano, Stanislaus, Sutter and Yolo.

In 1994, the BRD (then the National Biological Survey [NBS]) began a study of the life history
and habitat requirements of the g~ant garter snake in response to an interagency submittal for
consideration as an NBS Ecosystem Initiative. Since April of 1995, the BRD has further
documented occurrences of giant garter snakes within some of the 13 populations identified in

C--086299
C-086299



Messrs. Walter Yep and Michael Ryan 16

the final rule. The BRD has studied populations of giant garter snakes at the Sacramento and
Colusa National Wildlife Refuges within the Colusa Basin, at Gilsizer Slough within the Sutter
Basin, and at the Badger Creek area of the Cosumnes River Preserve within the Badger
Creek-Willow Creek area. These populations, along with the American Basin population of
giant garter snakes represent the largest extant populations. With the exception of the American
Basin, these populations are largely protected from many of the threats to the species. Outside of
these protected areas, giant garter snakes in these population clusters are still subject to all threats
identified in the final rule. The remaining nine population clusters identified in the final rule are
distributed discontinuously in small isolated patches and are vulnerable to extirpation by
stochastic environmental, demographic, and genetic processes. All 13 population clusters are
isolated from each other with no protected dispersal corridors. Opporttmities for recolonization
of small populations which may become extirpated is unlikely given the isolation from larger
populations and lack of dispersal corridors between them.

The proposed project occurs within the Colusa Basin population of giant garter snakes.
Approximately ten discrete historic locality records are known from the basin and tributary
streams and canals. Existing records indicate the species is widely distributed in low population
numbers/densities in water delivery and drainage facilities and perhaps associated rice fields.
Individual subpopulations appear susceptible to flooding. Mortality from predatory fish and
birds, vehicular traffic, agricultural practices, and maintenance of water channels represent the
primary threats. These chronic threats imperil giant garter snake subpopulations or snakes in
individual localities but probably are not severe enough to place at imn’iinent risk the continued
survival of the entire population.

The proposed project features are located approximately 25 miles north of the Sacramento
National Wildlife Refuge. The GCID services approximately 175,000 acres of agricultural land,
a large percentage being rice fields. Irrigation delivery and drainage canals within the GCID
affected by the project do provide giant garter snake habitat. The California Natural Diversity
Data Base has documented sitings of giant garter snakes along the GCID canal in Colusa County
near the town of Williams.

Sacramento splittail

Sacramento splittail are endemic to California’s Central Valley where tli~y were once widely
distributed in lakes and rivers (Moyle 1976). Historically, Sacramento splittail were found as far
north as Redding on the Sacramento River and as far south as the site of Fdant Dam on the San
Joaquin River (Rutter 1908). Rutter (1908) also found Sacramento splittail as far upstream as the
current Oroville Dam site on the Feather River and Folsom Dam site on the American River.
Anglers in Sacramento reported catches of 50 or more Sacramento splittail per day prior to
damming of these rivers (Caywood 1974). Sacramento splittail were common in San Pablo Bay
and Strait winter flows until about 1985 (Me~sersmith 1Carquinez following high 966, Moyle
1976, and Wang 1986 as cited in Department and Reclamation 1994). In recent times, dams and
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diversions have increasingly prevented upstream access to large rivers and the species is
restricted to a small portion of its former range (Moyle and Yoshiyama 1992).

Rotary screw trap monitoring by CDFG has collected Sacramento split-tail at the Hamilton City
Pumping Plant. From 1993 through 1996, Sacramento splittail were collected in all months
except January, February, April, June, and July. The highest annual number of Sacramento
splittail collected was eight, in 1995. The abundance of Sacramento splittail in the project area
may be underestimated. CDFG’s monitoring focuses on salmonids. Juvenile minnows, captured
incidentally, including splittail, were not generally identified to species. Fisheries monitoring
studies being conducted by the Service at Red Bluff Diversion Dam, approximately 35 miles
upstream of the Hamilton City Pumping Plant, collected 4 adult Sacramento splittail in 1997.

Effects of the Proposed Action

Valley elderberry_ longhorn beetle

Construction of the proposed project will adversely affect valley elderberry longhorn beetles
from the disturbance and/or removal of elderberry shrubs, the beetles host plant. A total of 442
elderberry stems 1-inch or greater in diameter at the base will be lost.

Fish screen facility operation and maintenance activities may result in the disturbance and/or loss
of elderberry shrubs. Proposed dredge spoil deposition sites on Montgomery Island are similar
to sites currently in use. Current dredge disposal on the upstream end and on the west side of
Montgomery Island is encroaching on the riparian vegetation and burying elderberry shrubs.
These adverse effects would continue to occur without further restriction on dredge spoil
placement. Maintenance activities from oxbow channel and gradient facility dredging and riprap
placement and repair would result in potential impacts to riparian vegetation, including the
disturbance or removal of elderberry shrubs from access road construction and use by heavy
equipment.

Giant garter snake

Riparian woodland habitat is the major terrestrial habitat in the vicinity of, and directly affected
by, the fish screen project. Although riparian woodland habitat can be utilized by the giant garter
snake it is not optimal habitat, therefore, construction and long-term operations and maintenance
at the fish screen facility will have minimal impact on the giant garter snake. Dredging may
adversely affect the giant garter snake, because snakes could be disturbed by heavy equipment
during the breeding season, and snakes could become buried by dredge spoils. The indirect
effects of the restored diversion capability at the Hamilton City Pumping Plant will result in
improved water quality and quantities delivered to the GCID service area. This may have
beneficial effects to giant garter snakes through the improvement of existing habitat and the
creation of additional habitat. Adverse effects to giant garter snakes will occur from conveyance
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facility improvements and maintenance operations resulting from the increased conveyance and
transfer of water.

Sacramento splittail

Adults are likely to be encountered at the project site in early spring when they are migrating
upstream. Fish may spawn within the submerged riparian vegetation at the site. Spawning
conditions may be more suitable during high flow conditions when additional habitat containing
slower water velocities is flooded. Construction of the project will result in the loss of
approximately 6,450 linear feet of shaded riverine aquatic cover. An additional 2.3 acres of
wetland habitat occurring on the east side of the Sacramento River will be permanently affected
by the project. Construction of the gradient facility will increase the water surface elevation by 3
feet in the backwater area at Snaden Slough. This will potentially provide some additional
spawning and rearing habitat at fiver flows less than 20,000 cfs. This additional spawning
habitat will be short-term, as the newly submerged vegetation will recede and become
established at a higher water surface elevation. Construction of the gradient facility, in the dry,
may entrap Sacramento splittail during the cofferdam placement and impede the upstream
passage of adult Sacramento splittail. The design of the gradient facility is based on mimicking
water depths and velocities of a natural rifle at RM 187 on the Sacramento River, which allows
passage of upstream migrating Sacramento splittail. Replacement ofth~ seasonal earthen dam,
immediately downstream of the fish screen, with a flow control structure is expected to provide a
secondary upstream migration route for fish via the oxbow channel. Restoration of the diversion
capacity at the Hamilton City Pumping Plant results in an increased percentage of Sacramento
River flow diverted through the oxbow channel. This increased diversion of water will increase
the entrainment and impingement of Sacramento splittail eggs and larvae. Current fish screen
design criteria are based on the needs of juvenile salmonids. Fish screen design criteria to avoid
entrainment of eggs and other early life stages (<20 mm) ofnon-salmonid fish species is
probably not achievable.

Cumulative Effects

Cumulative effects are those impacts of future State, county, local agency, and private actions
that are reasonably certain to occur. Future Federal actions will be subject to the consultation
requirements established in section 7 of the Act. Our agency is aware of other projects currently
under review by State, county, and local authorities where biological surveys have documented
the occurrence of the federally proposed or listed species. Projects currently under review by
State, county, and local authorities include such actions as urban expansion, water transfer
projects that may not have a Federal nexus, and continued agricultural development. The
cumulative effects of these known actions pose a significant threat to ~ eventual recovery of
these species.

An undetermined number of future land use conversions and routine agricultural practices are not
subject to Federal permitting processes and may alter the habitat or increase incidental take of
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valley elderberry longhorn beetles and giant garter snakes and are, therefore, cumulative to the
proposed project. These additional cumulative effects include: (1) unpredictable fluctuations in
aquatic habitat due to water management; (2) dredging and cleating vegetation from irrigation
canals; (3) diseing or mowing upland habitat; (4) increased vehicular traffic on access roads
adjacent to aquatic habitat; (5) use of burrow fumigants on levees and other potential upland
refugia; and (6) human intrusion into habitat.

Specific cumulative effects related to the proposed action include canal maintenance activities,
which degrade or destroy habitat or cause unpredictable fluctuations in habitat, and market-
driven fiuctuations in acres of rice cultivation, which may reduce habitat available to giant garter
snakes. With diversion capability restored at the Hamilton City Pumping Plant, additional build-
out of conveyance and storage facilities will occur. The GCID has proposed feasibility level
evaluations of three off-stream water storage/regulating facilities and associated conveyance
systems to optimize GCID’s overall water system efficiency and maximize GCID’s water supply
for beneficial uses (GCID 1997). Construction of off-stream storage facilities may. inundate or
modify giant garter snake habitat or result in direct mortality of giant garter snakes.

Conclusion

After reviewing the current status of the valley elderberry longhorn beetle, giant garter snake,
and the proposed Sacramento splittail, the environmental baseline for the action area, the effects
of the proposed action and cumulative effects, it is the Sacramento Fish and Wildlife Office’s
biological and conference opinions that the Hamilton City Pumping Plant fish screen
improvement project, as proposed, is not likely to jeopardize the continued existence of the
valley elderberry longhorn beetle, giant garter snake or the proposed Sacramento split-tall. No
critical habitat would be adversely modified or destroyed by the proposed action.

INCIDENTAL TAKE STATEMENT

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take
of endangered and threatened species, respectively, without special exemption. Take is defined
as harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt to engage
in any such conduct. Harass is def’med by the Service as an intentional or negligent act or
omission which creates the likelihood of injury to a listed species by annoying it to such an
extent as to significantly disrupt normal behavioral patterns which include, but are not limited to,
breeding, feeding, or sheltering. Harm is defined by the Service to include significant habitat
modification or degradation that results in death or injury to listed species by impairing
behavioral patterns including breeding, feeding, or sheltering. Incidental take is defined as take
that is incidental to, and not the purpose of, the carrying out of an othe~se lawful activity.
Under the terms of section 7(b)(4) and section 7(o)(2), taking that is incidental to and not
intended as part of the agency action is not considered to be prohibited taking under the Act
provided that such taking is in compliance with this Incidental Take Statement.
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The measures described below are non-discretionary and must be implemented by Reclamation
and the Corps so that they become binding conditions of any grant or permits issued to the
applicant, as appropriate, in order for the exemption in section 7(0)(2) to apply. Reclamation and
the Corps have a continuing duty to regulate the activity covered by this incidental take
statement. If Reclamation and the Corps (1) fall to require the applicant to adhere to the terms
and conditions of the incidental take statement through enforceable terms that are added to the
permit or grant document, and/or (2) fails to retain oversight to ensure compliance with these
terms and conditions, the protective coverage of section 7(0)(2) may lapse.

The prohibitions found in section 9 of the Act against taking of species do not apply until the
Sacramento splittail is listed. Therefore, the incidental take statement i~ this conference opinion
does not become effective until the species is listed and the conference opinion is adopted as a
biological opinion issued through formal consultation. However, should Reclamation and the
Corps adopt and implement the reasonable and prudent measures, with their implementing terms
and conditions, described below, then the amount of incidental take identified in this conference
opinion would be authorized until such time as a biological opinion is completed during formal
consultation and provided that the amount of incidental take identified in this conference opinion
has not been exceeded. Should the level of incidental take identified in this conference opinion
be met or exceeded prior to listing of the species, then no additional incidental take of
Sacramento splittail may occur between the listing of the Sacramento splittail and the adoption of
this conference opinion through formal consultation, or the completion of a subsequent formal
consultation.

Amount or Extent of Take

Valley elderberry_ longhorn beetle

The Service is unable to quantify incidental take of the valley elderberry longhorn beetle,
because the number of beetle larvae contained within each elderberry plant is unknown. Because
it is not known how many larvae each stem can support, the Service must quantify the amount of
incidental take of the beetle in terms of the number of plants that would be lost. Based on the
available information, the Service anticipates that all beetles inhabiting the 442 elderberry stems
(approximately 153 stems and 289 stems associated with the fish screen extension and gradient
facility, respectively) will be taken through harm, harassment, or killing.

Giant garter snake

Harassment of giant garter snakes may occur during project construction, operation, and
maintenance. Project construction will result in less than 20 acres of temporary losses to giant
garter snake habitat. Giant garter snakes may be killed during the placement of dredge spoils.
The Service is unable to quantify incidental take of giantsnakes related to GCID watergarter
conveyance facility improvements and maintenance because the acres of wetland habitat affected
by these activities and the abundance of giant garter snakes is currently unknown. The Service is
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not authorizing incidental take of giant garter snakes due to harm or harassment from operation
and maintenance activities related to GCID water deliveries.

Sacramento splittail

The incidental take is expected to be in the form of harm, harassment, or kill resulting from in-
fiver construction activities, habitat modification, and entrainment, disorientation, and
impingement at the fish screen. The incidental take will be difficult to detect because of the
small size of Sacramento splittail eggs and larvae and the relatively low abundance of the species
in relation to the quantity of water diverted at the Hamilton City Pumping Plant. However, take
of these species can be quantified on the volume of water diverted at the Hamilton City Pumping
Plant. All harm and harrassment of Sacramento splittail from impingement, disorientation, or
predationand the entrainment of all egg and larval stages of Sacramento splittail associated with
the diversion of up to 825,000 acre feet of water per year at the Hamilton City Pumping Plant
will be authorized.

Effect of the Take

In the accompanying biological and conference opinions, the Sacramento Fish and Wildlife
Office has determined that this level of anticipated take (based on water diversions of 825,000
acre feet per year) is not likely to result in jeopardy to the valley elderberry longhorn beetle, giant
garter snake, or the proposed Sacramento splittail. No designated critical habitat was considered
affected.

Reasonable and Prudent Measures                            :

Valley elderberry_ longhorn beetle and giant garter snake

The Sacramento Fish and Wildlife Office believes the following reasonable and prudent
measures are necessary and appropriate to minimize incidental take of valley elderberry longhorn
beetles and giant garter snakes:

1. Harrassment, harm, or mortality of valley elderberry longhorn b~etles during construction
and operation and maintenance activities associated with implementing the project shall
be minimized.

2. Impacts of temporary and permanent loss and degradation of habitat of valley elderberry
longhorn beetles shall be compensated. If relocation of habitat is necessary, ensure
success of the mitigation.

3. Harassment, harm, and mortality of giant garter snakes from conveyance facility
operation and maintenance associated with implementing the project shall be minimized.
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Sacramento splittail

The Sacramento Fish and Wildlife Office believes the following reasonable and prudent
measures are necessary and appropriate to minimize take of Sacramento splittail on the proposed
project site:

1. Reduce harm, harrassment, and mortality from the disorientation, impingement, or
entrainment of Sacramento splittail resulting from the construction or the long-term
operation and maintenance of the fish screen project.

2. Impacts of temporary and permanent loss and degradation of habitat of Sacramento
splittail shall be minimized.

Terms and Conditions

Valley elderberry_ longhorn beetle and giant garter snake

In order to be exempt from the prohibitions of section 9 of the Act, Reclamation and the Corps
must comply with the following terms and conditions, which implement the reasonable and
prudent measures described above. These terms and conditions are non-discretionary.

1. The following terms and conditions implement reasonable and prudent measure number
one:

A. Implement the protective measures according to the attached "Mitigation
Guidelines for the Valley Elderberry Longhorn Beetle" (USFWS 1996)
(Guidelines).

B. Prior to the onset of any ground-disturbing activities at the project site, a qualified
biologist shall note the location of all elderberry plants and brief all on-site
personnel and other on-site workers on the occurrence and distribution of the
beetle’s habitat during construction and associated activities. Subsequent follow-
up briefings shall be held at the onset of ground-disturbin.g activity associated
with the major project components (i.e., fish screen extension, gradient facility,
lower bypass channel modification).

C. Dredging, disposal of dredged material, and access for dredging related equipment
shall not adversely affect elderberry shrubs. All dredging operations shall be done
by floating equipment or by equipment operating waterward of the riparian
vegetation adjacent to the Sacramento River or oxbow channel. Dredge spoil

Island shall be in with other State andplacementon Montgomery compliance
Federal regulatory requirements and shall be restricted to the non-vegetated gravel
bar on the upstream end of the island and at other upland sites, identified in
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coordination with the Service, that will not adversely affect elderberry shrubs.
Dredge spoils placed on the upstream end of Montgomery Island shall be below
the ordinary high water line (OHW) and shall not be placed within 100 feet of
riparian vegetation to avoid encroachment on elderberry shrubs.

D. Equipment and materials, including earthen materials excavated during
construction of the proposed project, with the exception of earthen material used
for structural backfill, shall be staged, or disposed of at an upland site that shall
not adversely affect elderberry shrubs.

E. If requested, during or upon completion of phased construction activities, the
biologist, or contractor shall accompany Sacramento Fish and Wildlife Office
personnel on an on-site inspection of the site to review project impacts to the
valley elderberry longhorn beetle and its habitat.

F. At the discretion of the Service, conduct elderberry plant.surveys in October 1998.
Elderberry plant surveys are valid for two years. Surveys conducted in October
1996 may no longer be valid for assessing adverse effects to valley elderberry
longhorn beetles from project construction activities that occur after October
1998.

2.    The following terms and conditions implement reasonable and prudent measure number
twO:                                                                          "~

A. Reclamation and the Corps shall submit an elderberry transplantation plan by
January 15, 1998, for the elderberry shrubs impacted by the fish screen extension.
Reclamation and the Corps shall submit a detailed mitigation plan, approved by
the Service, for the transplantation of the remaining elderberry shrubs impacted by
the project and the elderberry seedling and associated native vegetation
compensation plantings. The plan shall be completed and submitted to the
Service by March 31, 1998. Elderberry plants adversely affected by the fish
screen extension shall be transplanted at a site approved by the Service.
Elderberry plants affected by the gradient facility shall be transplanted at an off-
site mitigation area approved by the Service.

B. Transplantation of elderberry plants and seedling planting mitigation shall be in
conformance with the Guidelines, with the exception of elderberry shrubs affected
by the fish screen extension construction that occurs prior to November 1, 1998.
Adverse effects to elderberry stems 1.0 inch or greater in diameter at ground level
resulting from the fish screen extension shall be compensated at an increased
ratio, if transplantation cannot occur during the dormant period (November 1
through February 14) as identified in the Guidelines. The following
compensation ratios and acreage requirements shall apply:
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Elderberry_ Transplanting occurs Replacement ratio Acres
November 1 through February 14 3 ¯ 1 7.6
February 15 through March 15 6 : 1 15.2
June 15 through August 31 7.5" 1 19.0
September 1 through October 31 4.5 ¯ 1 ~ 11.4

No transplanting shall occur between March 15 and June 15.

Adverse effects to elderberry stems measuring 1.0 inch or greater in diameter at
ground level resulting from gradient facility construction shall be mitigated at a
3:1 elderberry replacement ratio. An additional 14.3 acres shall be needed to
mitigate these losses. A minimum of 1,556 elderberry seedlings shall need to be
planted in mitigation area.the

C. As described in the project description, off-site elderberry seedling plantings shall
be done in conjunction with riparian forest habitat compensation, to occur at a site
approved by the Service. A ratio of three associated native trees/shrubs to one
elderberry seedling shall be planted to replace the riparian forest habitat lost.
Elderberry seedlings and associated native trees/shrubs shall be planted prior to
February 15, 1999.

3. The following terms and conditions implement reasonable and prudent measure number
three:

A. Reclamation, in coordination with the Service, shall develop and provide
guidelines by May 1, 1998, to GCID that will reduce adverse effects of routine
maintenance snakes and their habitat. Such shallgianton garter measures
include: clearing canals from only one side in a given year to maintain vegetation
and cover in the canal; and removing dredged material, rather than piling dredged
material on canal banks, to lessen the risk of burying or crushing giant garter
snakes using banks for basking or crevices and burrows for retreats.

B. Following completion of the proposed project in the year 2000, any construction
or maintenance activity associated with water conveyance facilities within the
GCID that affects giant garter snake habitat shall be conducted between May 1
and October 1. This is the active period for giant garter snakes and direct
mortality is lessened, because snakes are expected to actively move and avoid
danger. Between October 2 and April 30 contact the Service’s Sacramento Fish
and Wildlife Office to determine if additional measures are necessary to minimize
and avoid take.
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Sacramento splittail
:;

The prohibitions against taking the species found in section 9 of the Act do not apply until the
species is listed. However, the Sacramento Fish and Wildlife Office advises Reclamation and the
Corps to consider implementing the following reasonable and prudent measures. If this
conference opinion is adopted as a biological opinion following a listing of the species or
designation of critical habitat, these measures, with their implementing terms and conditions, will
be nondiscretionary.

In order to be exempt from the prohibitions of section 9 of the Act, Reclamation and the Corps
must comply with the following terms and conditions, which implement the reasonable and
prudent measures described above. These terms and conditions are nondiscretionary if this
conference opinion is adopted as a biological opinion following a listing or designation.

1. To minimize anticipated take of Sacramento splittail caused by harm, mortality or
inadvertent entrapment, entrainment or impingement of Sacramento splittail resulting
from the construction or long-term operation and maintenance of the fish screen project,
the conditions below shall be implemented.

A. Construction activities that must occur within the water (Sacramento River and
oxbow channel) or within the area below the OHW line ~hall be limited to those
actions that can adequately withstand high fiver flows without resulting in the
inundation of and entrainment of materials in flood flows, and not result in
obstructing passage of Sacramento splittail.

B. Sheetpile cofferdams shall be used for all areas of extended in-water work, and
pumped water shall be routed to either: (1) a sedimentation pond located on a fiat
stable area above the OHW that prevents silt-laden runoff to enter the fiver, or (2)
a sedimentation tank/holding facility that allows only clear water to return to the
fiver and includes disposal of settled solids at an appropriate off-site location.

C. To minimize direct take of fishes during cofferdam dewatefing, a qualified
biologist shall be on-site to examine the cofferdams prior to dewatering and a fish
rescue/salvage program shall be conducted prior to complete dewatering. The
program shall release rescued individuals downstream of the construction site.

D. Stockpiling. of construction materials, including portable equipment, vehicles and
supplies, including chemicals, shall be restricted to the designated construction
staging areas and exclusive of the riparian and wetlands avoidance areas.

E. Erosion control measures that prevent soil or sediment from entering the fiver
shall be emplaced, monitored for effectiveness, and maintained throughout the
construction operations.
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F. Refueling of construction equipment and vehicles within the floodplain shall
occur only within a designated, paved, bermed area where possible spills shall be
readily contained.

G. Litter and construction debris shall be removed from below the OHW line daily,
and disposed of at an appropriate site. All litter, debris and unused materials,
equipment or supplies shall be removed from the construction staging areas above
OI-IW at the end of each construction season.

H. Any spills of hazardous materials within Sacramento splittail habitat shall be
cleaned up immediately. Such spills shall be reported in post-construction
compliance reports.

I. A representative shall be appointed by Reclamation and the Corps who will be the
contact source for any employee or contractor who might incidentally take a
Sacramento splittail or who finds a dead, injured, or entrapped Sacramento
splittail. This representative shall be identified to the employees during an
employee education program on Sacramento splittail.

J. Reclamation and the Corps shall develop and implement, an evaluation and
monitoring plan to assess and improve the long-term performance of the fish
screen project.

Impacts of temporary and permanent loss and degradation of habitat of Sacramento
splittail shall be minimized.

requested, during or upon completion activities, biologist, orA. If of construction the
contractor shall accompany Sacramento Fish and Wildlife Office personnel on an
on-site inspection of the sites to review project impacts t~5 Sacramento splittail and
its habitat.

B. Any permanent loss of Sacramento splittail habitat shall be compensated. Shaded
Riverine Aquatic Cover losses shall be compensated at a 3:1 ratio (based on 6,447
linear feet of shoreline impacted) off-site in addition to revegetating bank
revetment on-site. Off-site compensation for Shaded Riverine Aquatic Cover
losses shall be the planting of a 300-foot width of native riparian vegetation along
nonvegetated, natural erodible shoreline. On-site compensation for Shaded
Riverine Aquatic Cover losses shall be the planting of bank revetment, excluding
the bypass channel, with native riparian species (willows and other suitable
species near the waterline and cottonwood and other overstory species on upper
terraces). Fresh emergent wetland impacts shall be eornpensated at a ratio of 2:1
based on acres of wetland habitat impacted (2.3 acres).
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The reasonable and prudent measures, with their implementing terms and conditions, are
designed to minimize incidental take that might otherwise result from the proposed project. If
during the course of this action, this minimized level of incidental take is exceeded, such
incidental take would represent new information requiring review of the reasonable and prudent
measures provided. The Federal agencies must immediately provide an explanation of the causes
of the taking and review with the Service the need for possible modification of the reasonable
and prudent measures.

Reporting Requirements

The Sacramento Fish and Wildlife Office is to be notified in writing within three (3) working
days of the finding of any dead or injured valley elderberry longhorn beetles or any unanticipated
harm to the elderberry host plants, giant garter snakes, or Sacramento splittail associated with the
proposed project. Notification must include the date, time, and location of the incident or of the
f’mding of a dead or injured animal plus any other pertinent information..The Sacramento Fish
and Wildlife Office contact for this information is the Chief of the Endangered Species Division
at (916) 979-2725. Any dead or injured beetles (adults or larvae) shall be deposited in the
Entomology Department of the California Academy of Sciences. The Academy’s contact is the
Senior Curator of Coloptera at (415) 750-7239. All observations of live, injured, or dead beetles
shall be recorded on Natural Diversity Data Base (NDDB) field sheets and sent to the California
Department of Fish and Game, 1220 S Street, Sacramento, California 95814.

An annual compliance report during the three-year construction period shall be provided to the
Chief of the Endangered Species Division, at the Sacramento Fish and Wildlife Office within 60
days of the end of the calendar year and at the completion of the project. This report shall detail:
(1) the dates the construction surveys took place; (2) dates that construction occurred; (3)
pertinent data concerning success in meeting project mitigation measures; if any; (4) known
project effects on valley elderberry longhorn beetles, giant garter snakes, or Sacramento splittail,
if any; and (5) occurrences of incidental take (habitat or animals) of valley elderberry longhorn
beetles, giant garter snakes, or Sacramento splittail if any. Annual mitigation compliance reports
shall be provided over a period of either ten consecutive years or for seven years over a 15-year
period per the Guidelines. The mitigation plan provided by Reclamation and the Corps should
state which monitoring period shall be followed. No change in monitoring period shall be
accepted after the project is initiated.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the
purposes of the Act by carrying out conservation programs for the benefit of endangered and
threatened species and the ecosystems upon which they depend. Conservation recommendations
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are discretionary agency activities to minimize or avoid adverse effects of a proposed action on
listed species or critical habitat, to help implement recovery plans, or to develop information and
data bases.

1. The Sacramento Fish and Wildlife Office recommends that Reclamation and the
Corps protect and restore riparian and wetland habitat in the Sacramento River
basin to increase habitat for the valley elderberry longhorn beetle and the giant
garter snake.

2. The Sacramento Fish and Wildlife Office recommends that Reclamation and the
Corps minimize the addition of"hardpoints" associated with bank protection and
implement flood control measures, such as setback levees, to promote natural
river the Sacramento River..meanderingprocesseson

3. The Sacramento Fish and Wildlife Office recommends that Reclamation and the
Corps assist in the implementation of the recovery plan for the valley elderberry
longhorn beetle.

4. Reclamation and the Corps, in coordination with the Service and GCID, should
develop measures that minimize effects of conveyance f~icility operation and
maintenance on the giant garter snake and its habitat. These measures may be in
the form of a Habitat Conservation Plan addressing project effects to the GCID
service area in combination with assurances provided for the fish screen facility.

5. GCID maintenance personnel and local landowners that receive GCID delivered
water should be made aware of the giant garter snakes life history, habitat
requirements and protected status under the Endangered ~Species Act of 1973,as

amended.

6. The Sacramento Fish and Wildlife Office recommends that Reclamation and the
Corps assist in the implementation of the giant garter snake recovery plan, when it
is developed.

7. The Sacramento Fish and Wildlife Office recommends that Reclamation and the
Corps incorporate into bidding documents the enclosed "Standard Avoidance and
Minimization Measures for Construction Activities in Giant Garter Snake
Habitat" when appropriate.

In order to be kept informed of actions minimizing or avoiding adverse~ffects or benefitting
listed and proposed species or their habitats, the Sacramento Fish and Wildlife Office requests
notification of the implementation of conservation recommendations.any

!
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REINITIATION ’-CLOSING STATEMENT

This concludes the formal consultation and conference for the proposed Hamilton City Pumping
Plant fish screen improvement project as outlined in the request for consultation and conference.
As provided in 50 CFR §402.16, reinitiation of formal consultation is required where
discretionary Federal agency involvement or control over the action has been maintained (or is
authorized by law) and if: (1) the amount or extent of incidental take is exceeded; (2) new
information reveals effects of the agency action that may affect listed species or critical habitat in
a manner or to an extent not considered in these opinions; (3) the agency action is subsequently
modified in a manner that causes an effect to the listed species or critical habitat that was not
considered in these opinions; or (4) a new species is listed or critical habitat designated that may
be affected by the action.

You may ask the Sacramento Fish and Wildlife Office to confirm the conference opinion as a
biological opinion issued through formal consultation if the Sacramento splittail is listed. The
request must be in writing. If the Sacramento Fish and Wildlife Office’s review of the proposed
action finds that there have been no significant changes in the action as planned or in the
information used during the conference, the Sacramento Fish and Wildlife Office will confirm
the conference opinion as the biological opinion on the project and no further section 7
consultation will be necessary.

The prohibitions found in section 9 of the Act against taking of species do not apply until the
Sacramento splittail is listed. Therefore, the incidental take statement in this conference opinion
does not become effective until the species is listed and this conference opinion is adopted as a
biological opinion issued through formal consultation. However, should Reclamation and the
Corps adopt and implement the reasonable and prudent measures, with their implementing terms
and .conditions, described above, then the amount of incidental take identified in this conference
opinion would be authorized until such time as a biological opinion is completed during formal
consultation provided that the amount of incidental take identified in this conference opinion has
not been exceeded. Should the level of amount of incidental take identified in this conference
opinion be met or exceeded prior to listing of the species, then no additional incidental take of
Sacramento splittail may occur between the listing of the Sacramento splittail and the adoption of
this conference opinion through formal consultation, or the completion of a subsequent formal
consultation.
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Please contact Steve Hirtzel at (916) 979-2733, if you have any questions regarding this
biological opinion and conference opinion. If you have any questions regarding wetlands,
contact Mark Littlefield at (916) 979-2113.

Sincerely,

 woyoos.  to
Field Supervisor

cc: AES, Portland, OR
CDFG, Sacramento, CA ":
CDFG, Region 2, Rancho Cordova, CA (Attn: Nick Villa)
NMFS, Santa Rosa, CA (Attn: Gary Stem)
USBR, Willows, CA (Attn: Lauren Carly)
USBR, Shasta Lake, CA (Attn: Kurt Flynn)
Corps, Sacramento, CA (Attn: Craig Hucks)
Decuir & Somach, Sacramento, CA (Attn: Sandy Dunn)

!

I
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¯ !
Mitigation Guidelines for the

Valley Elderberry Longhorn Beetle           ..
¯ 19 Sept’ember 1995

The following guidelines have been issued by the U.S. Fish and Wildlife Service (Service) to assist
project applicants and others in developing measures to avoid and, if complete avoidance is not possible,
to mitigate for adverse effects on the valley elderberry Ionghom beetle. The Service will revise these
guidelines as needed in the future. The most recently issued version of these guidelines shruld be used in
developing all projects and mitigation plans. The survey and monitoring procedures described below are
designed to avoid any adverse effects to the valley elderbeny longhorn beetle. Thus a recovery permit is
not needed to survey for the beetle or its habitat or to monitor mitigation sites. If you are interested in a
recovery permit for research purposes please call the Service’s Regiona.l Office At. (503) 231-2063.

Background Information               ¯

The va!ley elderberry longhorn beet!e, Desmocerus californicus dimorphus, was listed as a threatened
species on August 8, I980 (FederalRegister 45: 52803-528.07). This animal is fully protected under the
Endangered Species Act of I973, as amended (16 U.S.C. 1531 et seq.). The valley elderberry longhorn
beetle (beetle) is completely dependent on its host plant, elderberry (Sambucus species), which is a
common component of the remaining ripari .an forests and adjacent upland habitats of California’s Central
Valley. Use of the plants by the animal, a wood borer, is rarely apparent. Frequently, the only ~xterior
evidence of the plant’s hse by the beetle is an exit hole created by the larva just brier to the pupal stage..
The life eycle most likely takes two years to complete. The animal spends most of its life in the laval
stage, living within the stem~ of an elderbe .rry p.lant. Adult emergence is from April through June, about "
the same time the elderbe.n-y produces flowers. The adult stage is short-lived. Further information on the
life history, ecology; behavior, and distribution of.the beetle can be found in a report by Barr (1991) and
the recovery plan for the beetle (USFWS 1984).

Surveys

Proposed project sites within the range of the .valle~ elderberry longhorn beetle should be surveyed for the
presence of the beetle and its elderberry host plant by a qualified biologist. The beetle’s r.ange extends
throughout California’s Central Valley and associated foothills from about the 3,000-foot elevation
contour on the east and the watershed of the Central Valley on the west (Figure 1). All or portions of 31
counties are ineluded: Alameda, Amador, Butte, Calaveras, Colusa, Contra Costa, E1 Dorado, Fresno,
Glenn, Kern, King~, Lake, Madera, Mariposa, Merced, Napa, Nevada: Placer, Sacramento, San Benito,
San Joaquin, San Luis Obispo, Shasta, Solano, Stanislaus, Sutter, Tehama, Tulare, Tuolunme, Yolo,
Yuba.

!
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If elderberry plants with one or more stems measuring 1.0 inch or greater in diameter at ground level
occur on, or adjacent to, the proposed project site, or are otherwise located Where they may be directly or
indirectly .effeeted by the proposed action, mitigation is required (see below). E!derberry plants with no
stems measuring 1.0 inch or greater in diameter at ground level are unlikely to be habitat for the beetle
because of their small size and/or immaturity. Therefore, no mitigation is required for plants with no
stems measuring 1.0 inch or greater in diameter at ground level. Surveys are valid for a period of two
years.

Avoid and Protect Habitat Whenever Possible

Project sites that do not contain beetle habitat are preferred. If suitable habitat for the beetle occurs on the
these should be designatedavoidance that will be from disturbanceprojectsite, areas as areas protected

during the construction and operation of the project. When possible, avoidance areas should be
delineated to connect with adjacent habitat, to prevent fragmentation and isolation of beetle populations.
Any beetle habitat that cannot be avoided as described below should be considered impacted and
appropriate mitigation should be proposed as described belbw.       " "

Two Levels of Avoidance: Core and Buffer

Core avoidance area includes all area within 20 feet of the dripline of any elderberry plant with a stem
measuring 1.0 inch or greater in diameter at ground level. Core avoidance areas should not be disturbed
during or after construction or during operation of the project. Buffer avoidance area includes all area
~,~thin 100 feet of any elderberry plant with a stem measuring 1.0 inch or great.er in diameter at ground
level. Firebreaks may not be included in the buffer zone. In buffer areas construction-related dis~Xtrbance
should be minimized, and any damaged area should be promptly restored following construction. The
Service should be p.rovided With a map and Written details identififing the avoidance area.    ..

Protective Measures

1. Fence and flag all areas to be avoided: Provide a minimum setback of at least 20 feet from the
dripline of each elderberry plant.

2. ~ Brief contractors on the need to avoid damaging the elderberry plants and the possible penalties
for not complying with these requirements.

3. Put up signs every 50 feet along the edge of the avoidance areas with the following information:
"This area is habitat of the valley elderberry longhorn beetle, a threatened species, and must not
be disturbed. This species is protected by the Endangered Species Act of 1973, as amended.
Violators are subject to prosecution, frees, and imprisoimaent." The signs should be dearly
readable from a distance of 20 feet, and must be maintained for the duration of construction.

4. Instruct work crews about the status of the beetle and the need to pr0teet its elderberry host plant.
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Restoration and Maintenance

1. Restore any damage done to the buffer area dudng construction. Provide erosion control and re-
vegetate with appropriate native plants.

Both core and buffer ~voidan~ areas should continue to be protected after construction from
adverse effec~ of the project. Measures such as fencing, signs, weeding, and trash removal are
usually appropriate.

3. No insecticides, herbicides, fertilizers, or other chemicals that might harm the beetle or it host
plant should be used in the core and buffer avoidance areas, or within 100 feet of any elderberry
plant with a stem measia’~ng 1.0 inch or greater in diameter at ground level.

4. Tl~e applicant should provide a written description of how the core and buffer avoidance areas are
to be restored, protected, and maintained after construction is completed.

Transplant Elderberry Plants That Cannot Be Avoided "

Elderberry plants should be transplanted if they can not be avoided by the proposed project. All
elderberry plants with on.e or more stems measuring 1.0 inch or greater in diameter at ground level should
be transplanted, to a mitigation area (see below). At the Service’s discretion, a plant that is unlikely to
survive transplantation because of poor condition or location, or a plant that would be extremely difficult
to move because of access problems, may be exempted from transplantation.

I. " Monitor..A qualified biologist (monitor) should be on-site for the duration of the transplanting of
the ~Iderberry shrubs, to insure that no unauthorized take of the valley elderberry longhorn beetle
occurs. If unauthorized take occurs, the monitor should have the authority to stop work until
corrective measures have been completed. The monitor shall immediately report any

"̄ -hnauthorized take of the beetle or its habitat to the Service and to the California Department of
:Fish and Game."

2. Timing. Transplant elderberry shrubs when the plants’are dormant, approximately November
through the first two weeks in February, after they have lost their leaves.. Transplanting during
the non-growing season will reduce shock to the plaht and increase transplarAtation success.

3. .Transplanting Procedure.

a. Cut the shrub back 3 to 6 feet from the ground or to 50 percent of its height (whichever is
taller) by removing branches and stems above this height. The trunk and all sterns
measuring 1.0 inch or grea~er .in diameter at ground level should be r~planted. Any
leaves remaining on the shrub should be removed.

b. Excavate a hole of adequate size to receive the transplant.

e. Excavate the plant using a Vemeer spade, backhoe, front end loader, or other suitable
equipment, taking as much of the root ball as possible, and replant immediately at the
mitigation site. Move the plant only by the root ball. If the plant is to be moved and
transplanted, offsite, secure the root ball with wire and xwap it with burlap. Dampen the

3
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burlap with water, as necessary, to keep the root ball wet..Care should be taken to ensure
i

1
that the soil is not dislodged from around the roots of the transplant.

d. The planting area shall be at least. 1,800 square feet for each elderberry transplant.. As
many as five (5) additional elderberry plantings (cuttings or seedlings) and up to five (5)
associated native species plantings (see below) may also be planted within the 1,800
square foot area with the transplant. The root ball should be planted so that its top is
level with the existing ground. Compact the soil sufficiently so that settlement does not
occur. The transplant and each new planting should hav~ its. own watering basin
~easffririg at Iciest thre~ (3) fee~ in diameter. Wa[erlng ba.~ins should hav~ a coritinuous

¯1 berm measuring approximately eight (8) inches wide at the base and six (6) inches high.
If the site receiving the transplant does not have adequate soil moisture, it may be
necessary to pre-wet the site soil a.day or two before transplantation.

e. Saturate the soil with water. Do not use fertilizers or other supplements or paint the tips
of stems with pruning substances, as the ~ffects of these compounds on the beetle are

i unknown.

f. ¯ Monitor to ascertain if additional wate~4mg is necessary. If the soil is sandy, well-drained
soil plants may ne~l to be watered weekly or twice montttly. If the soil is clayey, poorly-

." may not n~essary to water after the drip wateringdrainedsoil it be saturation.A
system and timer is ideal. However, in situations where this is not possible, a water truck
or other apparatus may be used.

~ .. Plant Additional Seedlings or Cuttings ..’

1 Each elderberry stem measuring 1.0 inch or greater in diameter at ground level that is adversely effected
--’, (i.e., transplanted or destroyed) will be replaced, in the mitigatign area, with elderberry seedlings or

cuttings at a ratio ranging from 2:1 to 5:1 (nd~ plantings to affected stems). Stock of either seedlings or
cuttings should be obtained from local sources. "Cuttings may be obtained from the shrubs to be "
transplanted if the project site is in .the. vie’m! .ty of the mitigation site.. TI3. e.replace.ment ratio is determined[ 1 fis follow~: ....

1. Elderberry plants with no beetle exit ~aoles: Ratio of 2:l

1 2. Elderberry plants with beetle holes in 50 percent or fewer of the plants: Ratio of 3:1

3. Elderberry plantA vdth bdefle hol~s in more thari 50 percent of the plants: Ratio of 5:1

¯If the Service determines that the elderberry plants on the proposed project site are unsuitable candidates-
" I for transplantifig, the Service may allow the applicant to plant seedlings or cuttings at twice the stated

ratios for each elderberry plant that cannot be tran.splanted.

1
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Plant Associated Native Species

Studies have found that the beetle is more abundant in dense native plant communities with a mature
overstory and a mixed understory. Therefore, a mix of native plants associated with the elderberry shrubs
at the project site or similar sites will be planted at a ratio of at least one (1) specimen ofn.ative tree andII
shrub species for every elderberry plant (seedling or cutting). These native plantings must be monitored
with the s..ame survival’criteria used for the elderberry seedlings (see below). Stock of saplings, cuttings,
and seedlin/~s should lie obtained from local sources. If the parent stock is from more than one mile from
themitigationsite,approvalby the Service of the native plant donor sites will be obtained prior to ¯
initiation of the revegetation work. Planting or seeding the mitigation area with native herbaceous species
is encouraged. Establishing native grasses and forbs may discourage umvante.d non-native species from
beco .rr~g established or persisting at the mitigation site. Only stock from local sources should be used.

1

Example I.
A total of 5 elderberry shrubs with at least one stem measuring 1.0 inch or greater in diameter at
ground level will be effected by the proposed action. The 5 shrubs have a total of 23 stems
measuring over 1.0 inch. Exit holes were observed in 2 of the 5 shrubs (3:1 compensation ratio
required). The mitigation site is suited for riparian forest habitat. Associated natives adjacent to
the mitigation site are box eider (Acer negundo californica), walnut (Juglans californfca var.
hindsiO; sycamore (Platanus raceraosa), coftonwood (J>opul.us fremontff), willow (Salix
gooddingii and S. laevigata), ash (Fraxinus lattfolia.), button willow (Cephalanthus occidentalis),̄
and xvild grape (Vitis californica).

Compensation!                                                      "
¯* Transplant the 5 elderberry shrubs that will be effected to the mitigation site.

* Plant 69 elderberry rooted cuttings (3:1 ratio, cuttings planted:stems effected)
* 15Iant associated native species:

9 saplings each of box eider, sycamore, and cottonwood -
20 willow seedlings
5 saplings each of walnut and ash
8 California button willow
4 wild grape vine~                                      "

¯ Total area required is a minimum of 1,800 sq. ft. for every 5 elderben’y seedlings
= 24,840. Square feet = 0.57 acre

.Example 2~
A total of 6 elderberry shrubs with at least one stem measuring 1.0 inch or greater in diameter at
ground leve.1 will be effected by the proposed ac.tion. The 6 shrubs have a total of 20 stems
measuring over 1.0.inch. Exit holes were observed in 4 of the 6 shrubs (5:1 compensation ratio
required). The mitigation site is suited for elderberr£, savanna or mixed riparian forest.
Associated natives adjacent to the mitigation site are willow (Salix species), cottomvood (Populus
freraontz’O, ash (Fraxinus lat~folia), sycamore (Platanus racemosa), poison oak (Toxicodendron
diversilobum), and wild grape (Vitis californica).

Compens.ation:
¯ Transplant the 6 elderberry shrubs thai will be effected to the mitigation site.
¯ Plant 100 elderberry seedlings (5:1 ratio, seedlings planted:stems effected)
¯Plant associated native species:

10 saplings each of ash, cottonwood, and sycamore

5

I
C--086323

C-086323



seed and plant with a mixture of native grasses and forbs
¯ Total area required is a minimum of 1,800 sq. ft. for every 5 elderberry seedlings.
However, in this case the habitat will be restored to elderberry savanna and more space is
needed. A total of 1.4 acres (approximated 3,000 sq. ft. for every 5 elderberry seedlings)
is proposed. Fewer associated native trees and shrubs than required are proposed for
planting, but the mitigation site will be seeded and planted with native grasses and forbs,
and el.osely monitored and maintained throughout the monitoring perio, d.

Mitigation Area--Provide Habitat for theBeetle in Perpetuity

The mitigation area area (though two may adjoin), servesisdistinctfrom thea-~oidance the and toreceive
and protect the transplanted elderberry shrubs and the elderberry and other native plantings. The Service
may accept proposals for off-site mitigation areas where appropriate.

1. Size.. The mitigation area should provide at least 1,800 square feet for each transpli~nted
elderberry shrub. As many as five (5) elderberry cuttings or see~llings ~d up to five (5)
associated natives may be planted within the 1800 square foot area with each transplanted
elderbert3,. An additional 1,800 square feet shall be provided for every additional five (5)

¯

elderberry cuttings or seedlings and five (5) associated natives planted. Each planting should
have its own watering basin measuring approximately three (3) feet in diameter. Watering basins
should be constructed with a continuous bermmeasuring .approximately eight (8) inches wide at
the base and six (6) inches high.

. The planting density specified above is primarily for riparian forest habitats or other habitats with
naturally dense cover. If the mitigation site i.s an open habitat (i.e., elderberry savanna, oak
woodland) more area may be needed for the required plantings. Contact the Service for
assistance if~e above planting recommendations are not appropriate for the proposed.mitigation
site.

No area to be maintained as a ftrebreak may be counted as mit!gation area. Like the avoidance
area, the mitigation area should cormect with. adjacent habitat wherever possible, to prevent
isolation of beetle populations." ..... . ¯: . ........

2. Long-Term Protection. The mitigation area should be protected in perpetuity as habitat for the
valley e!derberty longhom beetle. Fee title, a conservation easement or similar agreement, or

. deed restrictions to protect the mitigation area should be arranged. Mitigation areas should be
transferred to a resource agency or appropriate private organization for long-term management.
The Service should be provided wi..th a map and written details identifying the mitigatibn area;
and the applicant should receive approval from the Service that the mitigation area is acceptable
prior to initiating the mitigation program. A copy of the deed transfer, conservation easement, or
deed restrictions protecting the mitigation area. in perpetuity should be provided to the Service
before, or cbncurreht with, the submission of the f’mal monitoring report (see below).

3. Weed Control. Weeds and other plants that are hot native to the mitigation area should be
removed at least once a year, or at the discretion of the Service and the California Department of
Fish and Game. Mechanical means should be used; herbicides are prohibited.

4. .Pesticide and Toxicant Control. Measures should be taken to insure that no pesticides,
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herbicides, fertilizers, or other chemical agents enter the mitigation area. No spraying of these
agents should be done xvithin one 100 feet of the area, or if they h~i~,e the potential to drift, flow,
or be washed into the area in the opinion of biologists or law enforcement personnel from the
Service or the California Department offish and Game.

5. Litter Control. No dumping of trash or other material should occur within the mitigation area.
Kny trash or other foreign material shall be removed within I0 working days of discovery.

6. Fencing. Permanent fencing should be placed completely around the mitigation area to prevent
unauthorized entry by off-road vehicles, equestrians, and other parties that might damage or
destroy the habitat of the beetle. The applicant should receive written approval from the Service
that the fencing is acceptable prior to initiation of the mitigatio.n program. The fence will be.
maintained in perpetuity, and will be repaked within 10 working days if it isfound to be
damaged. Some mitigation areas may be made available to the publio foi" appropriate recreational
and educational opportunities with written approval from the Service. In these cases appropriate ’
fencing and signs infonning the public of the beetle’s threatened status and its natural history and
ecology should be used and maintained in perpetuity.

7. S__i.i~. A minimum of two prominent signs should be’placed and maintained in perpetuity at the
mitigation area, noting that the site is habitat of the federally threatened valley elderberry
longhorn beetle and, if appropriate,, including information on the beetle’s natural history and
ecology. The signs should be approved by the Service. They should be repaked or replaced .
within 10 working days if they are fouo. d to be damaged or destroyed.

8. Funding and Management. Adequate fund~ should be provided to ensure that the mitigation area
is managed in perpetuity. The applicant should dedicate an endowment fund for this purpose, and
desighate the party or entity that will be responsible for long-term management of the mitigation

The Service should be ~rovided with written documentation that funding and managementarea.
of the mitigation area (items 3-8 above) will be provided in perpetuity.

Monitoring                     .
.

The population of valley elderberry longhorn beetles, the general condition of the mitigation a~ea~ and ~e
condition of the elderben’y and associated native planth~gs in the mitigation area. should be monitored
over a period of either ten (10) consecutive years or for seven (7) years over a 15-year period. The
applicant may elect either 10 years of monitoring, with surveys and reports every year; or 15 years of
monitoring, with surveys and reports on years 1, 2, 3, 5, 7, 10, and 15. The mitigation plan provided by
the applicant should state which monitoring schedule will be followed. No change in monitoring
schedule will be accepted after the project is initiated.

S~_.__.~_ff~. In any survey year, a minimum of ~,vo site visits between February 14 and June 30 ofeachyear
should be made by a qualified biologist. Surveys will include:

1. A population census of the adult beetles, including the number of beetles observed, their
condition, behav.ior, and their precise locations. Visual counts shall be used; mark-
recapture or other methods involving handling or harassment shall not be used.

2. A census of beetle exit holes in elderberry stems, noting their precise locations and

!
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estimated ages.

3. An evaluation of the elderberry shrubs and associated native ~lants on the site, and on the
mitigation area, if disjunct, including the number of plants, their size and condition.

4. An evaluation of the adequacy of the fencing, signs, and weed control efforts in the
avoidance and mitigation areas.

5. A general assessment of the habitat, including any real or potential threats t.o the beetle
and its host plants, such as erosion, fire, excessive grazing, off-road vehicle use,
vandalism, excessive weed growth, etc.

The materials and methods to be used in the monitoring studies should be r~viewed and approved by the
Service. All appropriate Federal and State permits should be obta~ed prior to initiating the field studies.

Reports. A i, vrittertreport, presenting and analyzing the data from the project monitoring, will be
prepared by a qualified biologist in each of the years in which a monitoring survey is required. Copies of
the report xvill be submitted by December 31 of the same year to the Service (Assistant Field Supervisor
for Endangered Species, Sacramento Field Office), and the Department of Fish and Game (Supervisor,
Environmental Services, Department ofFish and Game’, 1416 Ninth Street, Sacramento, California
95814; and StaffZoologist, California NaturaI Diversity Data Base, Department ofFish and Game, 1220
S Street, Sacramento, California 95814). The report will explicitly address the status and progress of the
transplanted and planted elderberry and associated native shrubs and trees, as well as any failings of the
mitigation plan and the steps taken to correct them. Any observations of beeries or fresh exit holes ,,vill
be noted. Copies of original field notes, raw data, and photographs of the mitigation site will be included
"~vi~ the.report. A .vi’e" .trfi.ty map of the.site and maps showing where the individual adult beetles and exit
holes were observed should be included. For the elderberqi and associated native plants, the survival rate,
condition, and size of the plants should be analyzed. Real and likely future threats should be addressed .
along with suggested remedies (e.g. limiting public access, more frequent removal of invasive non-native
vegetation, etG.).

A copy of each monitoring report, along with the original field notes, photograp~as, correspondence, and
~I1 other pertinent material, should be deposited at the California Academy of Sciences (Librarian,
Ca.lifomia Academy of Sciences, Golden Gate Park; San Francisco, CA 94118) by December 31 of the
year that monitoring is done and the report is prepared. The Service’s Sacramento Field Office should be
provid.ed with’a copy of the receipt from theAeademy library acknowledging receipt of the material, or

library catalog number assigned to it.the

Access. Biologists and law enforcement personnel from the California De~a_r~ent offish and Gam~ and
the Service should be given access to the site to monitor activities.complete project transplanting
Personnel from both these agencies should be given complete access to the project and the mitigation area
to monitor the valley elderberry longhorn beetle and it.s elderberry shrub habitat in perpetuky~

Success Criteria

A minimum survival rate of at least 60 percent of the elderben3, and associated native plants should be
maintained throughout the monitoring period. Within one year of discovery that survival has dropped
below 60 percent, the applicant will rePlace failed plantings to bring survival above this level. The . ..
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Service will make any’ determination as to the applicant’s replacement resp9nsibilities arising fi’om
circumstances.beyond its control, such as plants damaged or killed as a result of severe flooding or
vandalism. -

Service Contact ’

These guidelines were p’repared by the Endangered Species Division of the Service’s Sacramento Field
Office. If you have questions regarding these guidelines or to request a copy of the most recent
guidelines, telephqne (916) 979-2728 or write to:           ’

U.S. Fish and Wildlife Service
Ecological Services
3310 El Camino Avenue, Suite 130
Sacramento, California 95821-6340
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SCOPING REPORT
ENVIRONMENTAL IMPACT REPORT/ENVIRONMENTAL IMPACT STATEMENT

FOR IMPROVING FISH SCREENING CONDITIONS
AT THE GLENN-COLUSA IRRIGATION DISTRICT IRRIGATION DIVERSION

FACILITIES AT THE HAMILTON CITY PUMPING PLANT

I. NEPA REGULATIONS - SCOPING

The National Environmental Policy Act (NEPA) is our basic national charter for protection of
the environment. It establishes policy, sets goals (section 101), and.provides means (section 102)
for carrying out the policy. Section 102(2) contains the "action-forcing" provisions to make sure
that federal agencies act according to the letter and spirit of NEPA. The regulations for
implementing section 102(2) of NEPA include 40 Code of Federal Regulations (C.F.R.) Parts
1500-1508.

Part 1501.7 (Seeping) states that:

"There shall be an early and open process for determining the scope of issues to be
addressed and for identifying the significant issues related to a proposed action. This
process shall be termed seeping. As soon as practicable after its decision to prepare an
environmental impact statement and before the seeping process the lead agency shall
publish a notice of intent (§ 1508.22) in the FEDERAL REGISTER except as provided
in § 15073(e)."

There are seven elements of seeping required in 40 C.F.R. 1507.1, which state that:

(a) As part of the seeping the lead shall:process agency

(1) Invite the participation of affected Federal, State, and local agencies, any affected
Indian tribe, the proponent of the action, and other interested persons (including those
who might not be in accord with the action on environmental grounds), unless there is
a limited exception under §1507.3(c). An agency may give notice in accordance with §
1506.6.

(2) Determine the scope (§ 1508.25)t and the significant issues to be analyzed in depth
in the environmental impact statement.

(3) Identify and eliminate from detailed study the issues which are not significant or
which have been covered by prior environmental review (§ 1506.3), narrowing the
discussion of these issues in the statement to a brief presentation of why they will not

t 40 C.F.R. § 1508.25 defines "scope" to consist of the range of actions, alternatives, and impacts to be considered in an environmental
impact statement. That section continues to define three types of actions, three types of alternatives, and three types of impacts to be considered.
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have a significant effect on the human environment or providing a reference to their
coverage elsewhere.

(4) Allocate assignments for preparation of the environmental impact statement among
the lead and cooperating agencies, with the lead agency retaining responsibility for the
statement.

(5) Indicate any public environmental assessments and other environmental impact
statements which are being or will be prepared that are related to but are not part of the
scope of the impact statement under consideration.

(6) Identify other environmental review and consultation requirements so the lead and
cooperating agencies may prepare other required analyses and studies concurrently with,
and integrated with, the environmental impact statement as provided in § 1502.25.

(7) Indicate the relationship between the timing of the preparation of environmental
analyses and the agency’s tentative planning and decisionmaldng schedule."

Furthermore, as part of the scoping process, the lead agency may:

"(4) Hold an early scoping meeting or meetings which may be integrated with any other
early planning meeting the agency has. Such a scoping meeting will often be appropriate
when the impacts of a particular action are confined to a specific action."

II.    THE PURPOSE OF SCOPING

These elements emphasize the importance of scoping as a process that is open ~to the public and
all other interested agencies and persons. In fact, the guiding approach to scoping in the
regulations is that the process be open to the public and to state and local governments, and to
affected federal agencies. This open process gives rise to important new opportunities for better
and more efficient NEPA analyses, and simultaneously places new responsibilities on public and
agency participants alike to surface their concems early.

Scoping helps insure that real problems are identified early and properly studied; that issues that
are of no concern do not consume time and effort; that the draft environmental impact statement,
when In’st made public, is balanced and thorough, and that the delays occasioned by re-doing
an inadequate draft are avoided. Scoping does not create problems that did not already exist; it
ensures that problems that would have been raised anyway are identified early in the process
(Council on Environmental Quality Memorandum: Scoping Guidance 1981).

I
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Iit. BACKGROUNDPROJECT

A. HISTORY

In May of 1972,..the California Department of Fish and Game (CDFG) completed construction
of a 40-bay rotary drum fish screen at the intake to the GCID main pump station near Hamilton
City, California. Serious deficiencies have been observed 1n the operation, of the existing fish
screens. CDFG has identified high water velocities near the screens, inadequate fish bypass
flows, and predation as causes of fish mortality at or near the fish screens. Other structural
problems with the screens are also believed to contribute to fish mortality. Increased fish
mortality at or near the fish screens is generally believed by resource agency personnel to be
caused by a combination of factors, including a lowering of the water surface elevation upstream
of the screens, and the inherent structural problems.

During the high water of 1970, the Sacramento River "cut off" a large downstream river bend.
The resulting planform changes in the river caused the water surface elevation of the main
channel of the river, and of the water flowing in the intake channel, to decline. Subsequent,
similar planform changes associated with high water events since 1970 have caused the normal
water surface elevation at the screen to drop about 31/2 feet. This lower water surface elevation
has adversely altered flow velocities and other hydraulic relationships at the screens.

Sedimentation associated with fluctuating events also has contributed to fish mortality at the
screens. In 1984, when flow in the lower half of the bypass channel reversed direction and
flowed toward the screen, young fish entering the intake channel were believed to have been
trapped at or near the screen,.This trapping occurred because sedimentation in the upper intake
channel, combined with degradation of the river channel, caused flow in both the intake channel
and the outlet channel to be directed towards the screens.. GCID has dredged the intake channel
when needed since that event to prevent it from happening again.

Since 1984, GCID, the U.S. Army Corps of Engineers (with jurisdiction over Section 10 [Rivers
and Harbors Act] and Section 404 [Clean Water Act] permits) and CDFG have been actively
seeking a mutually beneficial solution to fish mortality problems at the GCID fish screens.

Pursuant to Section 7(b) of the federal Endangered Species Act (ESA), the National Marine
Fisheries Service (NMFS) has more recently concluded that U.S. Army Corps of Engineers’
approval of GCID’s 404 Permit Application (Number 198900254) to conduct maintenance
dredging, and construct and remove a seasonal earthfill weir, is likely to jeopardize the
continued existence of the federally listed Sacramento River winter-run chinook salmon. The
Biological Opinion prepared by NMFS identifies a reasonable and prudent alternativeconsisting
of gradient restoration work in the Sacramento River and a new fish screen near the head of the
intake channel (Altemative B 1; CH2M Hill 1989). GCID presently pumps irrigation water under
the terms of a stipulated settlement with NMFS. That settlement sets limits on the volume and
seasonal timing of pumping, and sets related monitoring requirements to assure minimal fish

!
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’̄ mortality until a long-term resolution (i.e. reasonable and prudent alternative) is approved and
i covered by either .a Biological Opinion or incidental take permit consistent with the ESA.

B,     AUTHORIZATIONS

1. Federal

Pursuant to Sections 3410 and 3406(b)(20) of Public Law 102-575, "the Secretary of Interior
is authorized, and directed, to participate with the State of California and other Federal agencies
in the implementation of the ongoing program to fully mitigate the fishery impacts associated
with the operation of the GCID facilities." The U.S. Bureau of Reclamation (Reclamation) is
therefore the lead Federal Agency for this EIR/EIS.

~ 2. State’

In 1992, The California Department of Water Resources (DWR)/Reclamation Board entered into
an agreement with CDFG and GCID to prepare an engineering feasibility report and supporting
environmental impact studies for improving the fish screening conditions at GCID’s Hamilton
City Pumping Plant. The Reclamation Board, in cooperation with, and represented by DWR,
is the lead State agency for this EIR/EIS.

C.    PROJECT DESCRIPTION

The EIR/EIS will be used to evaluate six engineering alternatives identified by the Interagency
Steering Committee for achieving the needed improvements to the GCID facilities. These six
have been titled Alternatives A, A1, B, B1, D, and D1. The no-action ("no-project") alternative
also will be analyzed.

The six alternatives requiring new or improved fish screens (A, A1, B, B1, D, and D1) have.
been developed by the Interagency Steering Committee in meetings conducted from 1992 to the
1994. Several alternatives have already been considered and eliminated from further
consideration. The remaining six alternatives include either multiple "V" (alternatives A, A1,
B, and B1) or flat plate (alternatives D and D1) screens, located either at the mouth of the intake
channel (alternatives B and B1) or near the existing screens (alternatives A, A1, D, and D1),
using either a fish pumping facility (alternatives A, B, and D) or a gradient restoration facility
to provide the hydraulic head needed to provide needed fish bypass flows (alternatives A1, B1,
and D1). Public scoping that has occurred to date has been used to educate the potentially
affected public, primarily the growers served by GCID and parties interested in the Sacramento
River and endangered species, of the extensive project history, agency consultations and
coordination, and the forthcoming Environmental Impact Report (EIR)/Environmental Impact
Statement (EIS) and associated engineering feasibility study.

4
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The public has been informed extensively that the EIR/EIS will include analyses of potential
environmental impacts to fisheries and aquatic habitat, riparian and terrestrial vegetation, wildlife
and habitats, geology and soils, land use, water quality, transportation, recreation and
navigation, cultural resources, and other aspects of the physical environment that may be
affected by the project, particularly by. the gradient restoration facility. Italso has been clearly
stated that socioeconomic impacts, and other significant impacts to the human environment will
be addressed in the EIR/EIS, especially as they may be .associated with the NotProject
Alternative.

No substantial new issues have arisen from the scoping efforts conducted to date, owing mostly
to the long history of this project, the direct and well-publicized economic impacts of pumping
restrictions to GCID growers, and the extensive resource agency involvement since 1984.

IV. PUBLIC SCOPING MEETINGS

Two public scoping meetings were held for this EIR. The meetings were arranged to invite the
participation of affected Federal, State, and local agencies, any affected Indian tribes, and other
interested persons so that the actions, alternatives, and related significant issues raised by the
public and involved agencies could be analyzed to the appropriate depth. They also were used
to eliminate from detailed study those issues which were not significant. The first meeting was
a preliminary scoping meeting [40 C.F.R. 1501.7(B)(4)], held on October 8, 1992. The second
meeting, held on October 27, 1993., was the formal public scoping meeting consistent with 40
C.F.R. § 1501.7

A. PRELIMINARY SCOPING MEETING OF 1992

1. Notification

Notification for the preliminary scoping meeting of October 8, 1992 included an extensive
mailing to the names listed on the GCID master mailing list, various California resource
agencies, and persons and organizations with interest in the Sacramento River, commercial and
sport fishing, and endangered species and their habitats. Over 1,800 separate mailers were sent
announcing the preliminary scoping meeting. The mailing included the same text as. the
newspaper advertisement (Attachment 1). The newspaper advertisement ran in the Willows
Journal and Orland Press-Register on October 7, 1992.

signs were posted in and around the Orland Memorial Hall to direct the public to the correct
room. Brochures, an attendance sheet, and comment sheet were provided as meeting
information, attendance r~cords, and submitting written comments, respectively (Attachment
2). Actual comment sheets included printing on the opposite side to allow them to be folded,
stapled, and mailed to the DWR representative in Redding, California.
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2. Proceedings

The purpose of the preliminary public scoping meeting was to familiarize the public with the
GCID project, its progress, past alternatives considered, and the environmental documentation
and review process. It was also used. to invite verbal and written input on any aspect of the
project. The meeting was held at the Orland Memorial Hall on Shasta Street at 7:00 pm. At that
meeting, the sponsoring agencies (California Department of Water Resources/The Reclamation
Board) were introduced and their roles regarding the project described. A summary of issues
addressed during Interagency Steering Committee2 meetings held prior to October 8, 1992 were
reviewed.

Mr. Stansbury of HDR Engineering Inc.3 opened the meeting. He stated that fisheries issues
have been identified as the focus of much of the environmental work. He also highlighted
ongoing cooperation among the project contractors, Interagency Steering Committee, GCID, and
the public. A planned schedule for completing engineering and environmental investigations also
was presented. Mr. Don Wagenet of Beak Consultants Inc. provided an overview of the history
of the factors leading to the current problems associated with fish screen operation. Mr. Paul
Bratovich (Beak Consultants Inc.) followed with a discussion of the relevant life history
characteristics of winter-run chinook salmon, other runs of chinook salmon, and other species
that encounter the fish screens at the GCID diversion facilities. He also discussed factors causing
fish mortality at or near the irrigation diversion and fish screens. Mr. Stacy Cepello,
representing DWR/The Reclamation Board explained the role of DWR in the ongoing
environmental documentation process, and efforts to enlist a federal lead agency.

Graphics and display boards used to illustrate and explain the project included the following:

Fish Screening Alternatives:

Alternative Description
A V-Screen at Existing Screen Location
B V-Screen Near Intake Channel Entrance
C V-Screen on Montgomery Island, Integral with the GRF
D Improvements to Existing Fish Screens and Bypasses
E Modular Inclined Screens (several possible locations)
F New Pump Station and Fish Screens at a Downstream Location (near

River Mile 201).

2 These interagency steering committee meetings were convened by the California Department of Water Resources, with the intent of

resolving several technical and political issues related to the project, and to facilitate a more orderly seoping process. They will be summarized
and presented under separate cover as part of the Consultation and Coordination chapter of the EIR/EIS. This Seoping Report focuses on the
1992 and 1993 public scoping meetings.

3 HDR Inc. is the prime contractor to the Department of Water RcsourcesFl’he Reclamation Board. HDR Inc. is responsible for the

engineering feasibility report for fish screening facility improvements. Beak Consultants was a subcontractor to HDR Inc., and is responsible
for production of the EIR/I~IS.
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..Overview

Map Display Depicting Changes in River Geometry and Fish Screen Design

.... Fisheries Life History and Causes of Mortality

Spring-run Chinook Salmon Migration and Timing
Fall-run Chinook Salmon Migration and Timing
Late Fall-run Chinook Salmon Migration and Timing
Winter-run Chinook Salmon Migration and Timing
Approach Velocities at the Fish Screens
Entrapment Zones at the Fish Screens
Bypass Facilities
Structural Depictions of Flow Patterns and Debris Collection
Flow Diversion (Sacramento River Bifurcation)
Predation (at Screen Bays and in the Bypass Return Channel)

Grad!ent Restoratio~ Facili ty

Passage Concerns
Upstream Habitat Concerns (regarding Inundation and Sedimentation)
Construction Concerns

3.    Attendance and Comments Received

A total of 37 attenders representing GCID, cooperating agencies, local farming interests, special
interest groups, and the general public were present at this preliminary meeting (Attachment
3). Six speakers completed index cards requesting the opportunity to speak. They made the
following comments:

~: Bob McClane referred to a prior engineering report done for the Corps
of Engineers (WET 1993). Based on his review of that report, it appeared to him that a
property owner list in the report did not identify all of the property owners near the
oxbow, particularly on the west side of the Sacramento River. He also stated that the
oxbow area will be seen as part of the river with important habitat and requested that this
area be considered in the environmental review. Mr. McClane stated that the impacts of
moving the screens upstream should be examined, particularly impacts on 30 acres of
land on the west side.

Speaker 2: John Merz, Sacramento River Preservation Trust asked about the
results of the environmental assessment (USACE 1992). He requested clarification of the
environmental review process and asked if this study will be a joint EIS/EIR or just and
EIR; and, he asked for clarification of Corps of Engineers’ involvement.

C--086340
C-086340



Speaker 3: Sue Sutton, Sacramento Water Alliance emphasized that the timeline for
resolving, the fish screening issue is .critical; she stated that the lack of a decision is
having great impacts on livelihood and local communities. The economic impacts should
be examined thoroughly. Other technologies besides screens should be considered,
including sonic and light technologies. She also thought that the use of deflector walls
should be evaluated.

Speaker 4: John Sutton, Sacramento Water Alliance stated that the costs associated
with the taking of properties should be studied.

Speaker 5: Shel Meyer, Central Valley Fisheries Coalition stated that the fishery
interests have contributed to the study through the salmon stamp and he expressed
concern that an EIR/EIS would take too long. He stated that the technology available
today could save time.

~: Wally Smith, Businessman questioned whether all water facilities
pumping water from the Sacramento River receive the same amount of attention.

The speakers were followed by a question and answer period during which questions were
received by, and responded toby one or more of the following:

¯ DWR/The Reclamation Board (Mssrs. Ray Barsch and Stacy Cepello);

¯ HDR Engineering Inc (Mr. Mike Stansbury);

¯ - Beak Consultants Inc. (Mr. Don Wagenet); and,

¯ The U.S Army Corps of Engineers (Mr. Bud Pahl).

The issues raised during this questioning included the following:

¯ The statement was made that all municipalities are not treated the same. The
Tracy [pumping plants] example was cited.

¯ It was suggested to do [analyze] the Gradient Restoration Facility (GRF) first and
see if it solves the problem.

¯ A chart which summarizes each alternative, the timeline, and costs for each
alternative was requested.

¯ The question was raised as to whether all alternatives being considered are proven
technology.

¯ . It was added that the environmental study should address the following issues:
i8 |
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socioeconomics
impacts on ducks who depend on the Pacific Flyway
impacts on recreation uses
elderberry beetle impacts

¯ It was stated that the environmental document should be focused, and that air
quality, noise, and traffic do not seem as important.

Subsequent to the meeting, several written comments were received. The content of those
comments is summarized below.

In a comment letter dated October 1, 1992, the California Sportfishing Protection Alliance asked
why DWR and the Reclamation Board are preparing the engineering work and the environmental
document to fix a fishery problem in which the court of the State of California ordered GCID
to fix 60 years ago? They also asked "Why hasn’t the State of California enforced the court
order for 60 years?"

In a comment letter dated October 1, 1992, Mr. Akram Mohammed made the following
(paraphrased) points:

¯ Appreciation for the efforts of DWR in resource protection, and
¯ Desire for a statewide policy for air, water and related resource protection

In a comment letter dated October 23, 1992, GCID emphasized the importance of evaluating
dredging, operation and maintenance costs for each alternative during the alternatives analysis.
They stated that a capitalized value of the operations and maintenance costs should be included
in the total cost of each alternative,

These verbal and written comments, comments received during the formal public scoping
meeting of 1993, and comments received in response to DWR’s Notice of Preparation (as
required by the California Environmental Quality Act [CEQA]) are summarized later in this
scoping report, accompanied with a brief explanation of how these comments were addressed
in the EIR/EIS.

B. FORMAL SCOPING MEETING OF 1993

1. Notification

Notification for the public scoping meeting included the Notice of Intent (NOI) as required by
NEPA (40 C.F.R. 1508.22) followed by a Reclamation Press Release and public notice in two
local newspapers of general public distribution.

!
!
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TheNOI was published in the Federal Register on October 8, 1993 (Attachment 4). It provides
additional background information regarding the project’s history and the intent of Reclamation
to cooperate in the production of the EIR/EIS.

The Reclamation Press Release (Attachment 5) was sent out on October 20, 1993. In addition,
public notices were placed in two newspapers, the Willows Journal, and the Orland Press-
Register on October 18, 20 and 22, 1993 (Attachment 6). These public notices were placed to
inform the public that a combined public/agency meeting would be held on October 27, 1993.

Hall signs were posted in and around the Willows Memorial Hall to direct the public to the
correct room. Brochures, an attendance sheet, and. comment sheet were provided for meeting
information, attendance records, and submitting written comments, respectively. These support
signs, brochure, and sheets were substantially similar to those presented as Attachment 2, with
minor adjustments for the revised 1993 date, the addition of Reclamation as lead federal agency,
and the preparation of a joint EIR/EIS rather than an EIR, as presented in 1992. Actual comment
sheets again included printing on the opposite side to allow them to be folded, stapled, and
mailed to the Reclamation representative in Sacramento, California.

2. Proceedings

A total of 48 persons attended the formal public scoping meeting (40 C.F.R. 1507.1 [a][1])
(Attachment 7). Attenders included GCID representatives, local farming interests, and other
representatives from special interest groups, cooperating agencies, the media and the general
public.

Attachment 8, "PRESENTATIONS FOR THE PUBLIC SCOPING MEETING ORDER OF SPEAKERS AND
TOPICS" Summarizes the four speakers and topics covered prior to opening the floor for public
comment. The following text summarizes topics addressed during these presentations.

The public scoping meeting for the current set of alternatives was held on Wednesday, October
27, 1993 at 7:00 p.m. at the Willows Memorial Building, 525 West Sycamore Street in Willows,
California. Attenders were asked to sign in at the door. A program agenda (brochure), comment
sheets and speaker cards were offered at the sign-in table. Prior to beginning the speaker
presentations (Attachment 8), attenders were given the opportunity to view display boards
showing the alternatives currently proposed for study. These display boards were posted at the
back of the hall.

The meeting began with an informational presentation by representatives of the project team,
consistent with Attachment 8. The primary purpose of these presentations was to inform the
publi.c of the project’s progress, and the schedule for the engineering and environmental reports.

These presentations were followed by a period open for public comments and questions. Mr.
Wagenet from Beak Consultants Inc. began the presentation by welcoming the attenders,

10
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the of the and schedule for the Mr.explaining purpose scopingprocess, providingthe process.
Wagenet then introduced the other panel members: Mr. Barsch, General Manager, The
Reclamation Board; Mr. Cepello, DWR; Mr. Pahl, U.S. Army Corps of Engineers; and Mr.
Stansbury, HDR Engineering, Inc.

Mr. Barsch provided the project background. Mr. Cepello discussed the events that have
occurred since the first preliminary scoping meeting held on October 7, 1992, and acknowledged
the public’s primary request to keep the process moving. Mr. Pahl explained the importance
of public participation throughout the project process. Mr. Mike Stansbury explained HDR’s role
to conduct the engineering feasibility studies and an alternatives analysis. Beak Consultants Inc.
was introduced as the firm responsible for producing the (EIR/EIS) in compliance with state
(CEQA) and federal (NEPA) requirements.

Mr. Stansbury then presented a slide show of the existing facilities, an overview of the
alternatives proposed, those withdrawn, and those carried forward for study. The alternatives,
as presented at that meeting, were depicted by display boards and slides matching the
illustrations presented as Attachment 9.

Upon conclusion of the informational presentation, a break was provided for the participants to
view the display boards, followed by the public comment period. No speaker cards were
submitted during the presentation. However, in an effort to encourage public participation, a
more informal question and answer session was initiated by Mr. Wagenet. This initiation
produced comments from the audience. Public speakers were asked to state their name and
affiliation for the record. A summary of the speakers and comments received during the scoping
meeting is provided below.

3. Comments Received, and Responses

A total of 11 questions or comments were received verbally at the meeting. No written
comments were received by mail after the meeting.

Comment: During the presentation, a member of the audience [unidentified]informational
asked for the identity of, or "who were the primary" funding sources for the
project, and if a portion of the funding was provided for in the Central Valley
Project Improvement Act.

Response:. The team responded that a federal law titled Public Law 102-575 was passed
approximately one year ago under which Reclamation would provide 75 % of the
funding (nonreimbursable) for the implementation and replacement of fish screens
and additional facilities. The State of California, in cooperation with other local
agencies would be responsible for obtaining the remaining 25% of needed
funding.

11
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Comment: John .Sutton, a member of the GCID and the Family Water A11iance, asked if
sonic lighting had been considered to keep fish out of the oxbow.

Response: Mr. Stansbury responded that the sonic lighting method is still experimental, and
....cannot be ,considered seriously .without further testing .and the achievement of a

proven success record.

Comment: Mr. Sutton stated his opinion that the public does not have the technical
knowledge to adequately judge the alternatives; they are relying on the consultant
to provide the best solution to meet the dual goal of fish protection and gradient
restoration.

Response:    Mr. Stansbury reviewed the alternatives analysis/evaluation process, explaining
that feasible alternatives are first "screened" (i.e. evaluated) using criteria such
as effectiveness, cost, and impacts, then refined based on input from agencies and
the public. He continued to explain that the process of selecting a preferred
alternative is an art rather than a science. The preferred alternative may ultimately
be a combination of alternatives. Mr. Wagenet explained that from the standpoint
of the EIR/EIS, responsible agencies must be involved in the analysis and ranking
of the alternatives. He also stated that a "No Action" alternative is also being
considered in the EIR/EIS in order to maintain a defensible process.

Comment: Mr. Larry.Maben, a GCID farmer, expressed his understanding of the importance
of the environmental issues, and the need to pump enough water to sustain the
fish population. However, he stated his concern that farmers who receive their
water through GCID must now! pay more for less, and will not be able to
continue to pay for reduced water quantities if the process continues too long.

Response: Mr. Wagenet explained that the EIR/EIS process requires the team to select the
alternative that will provide for effective water delivery and to protect
environmental resources. Costs and economic impacts are secondary, but are
considered as part of the environmental process.

Comment: GCID Director Ms. Sandy Denn stated her concern that the majority of farmers
in the Disti’ict are currently operating at 50 percent profit, and that the process
outlined for selection and construction of the project .will continue to bear
economic hardship on the farmers. She requested a detailed breakout and
timeline for activities required before the project is operating.

Response: Mr. Stansbury provided the following tentative schedule:

End of Scoping Comment Period December 31, 1993
Draft EIR/EIS/Public Hearing Fall, 1994
Final EIR/EIS December, 1994

12
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Completion of Project Design Fall, 1995
Completion of Construction 1997-1999

Comment: GCID member Mr. Mike Le Grande stated to the panel that there is a rumor that
.... a .preferred. alternative...has .been...selected, and .expressed his support for the

expeditious selection of an alternative.

Response:    Mr. Cepello explained that the source of the rumor may have been an informal
technical advisory meeting that took place in Santa Rosa in August, 1993.
Discussion during the meeting revealed that some of the participating resource
agencies were interested in reaching agreement on specific elements of the
alternatives for comparison purposes. To keep the process moving forward,
DWR asked the consultants to develop cost estimates that support the technical
acceptability of each of the alternatives. The purpose of the exercise was not to
imply selection of one alternative over another, but rather to provide additional
information requested by the participating agencies for consideration as part of
the decisionmaking process.

Mr. Barsch further explained that one of the objectives of the process is to
determine whether the alternatives are technically feasible and should undergo
further study. He continued to state that all efforts are being made to avoid
misusing the process, and that the public will be included in the evaluation Of
alternatives through the public comment period for the EIR/EIS.

.Comment: Mr. John Amaro of the Family Water Alliance asked if the fiat plate screens
proposed in the alternatives would be an extension of the existing screens.

Response: Mr. Stansbury responded that in Alternative D the fiat plate screens would be an
extension of the existing fish screens. Mr. Paul Ward of CDFG explained that
the existing plate screens do not meet CDFG standards, and must befiat fish
modified.

Comment: Ms. Audrey Tennis of the California Water Commission asked if the evaluation
of the alternatives was complete.

Response:. Mr. Mike Stansbury of HDR Inc. responded that studies are ongoing and that no
conclusions have been made.

Comment: Ms. Loren Parks of the.Agribusiness Institute at Chic0 State University asked if
costs have been estimated for the alternatives, and if implications of the costs had
been considered.

Response: Mr. Barsch responded that capital and operating costs have been developed for
each of the alternatives as a guide. He continued to state that ballpark estimates
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range between $20-50 million. Although the implications have not yet been
thoroughly assessed, DWR and the Reclamation Board are considering a
particular funding scenario. Under this scenario, the majority of costs (75 %) may
be funded by Reclamation through the Central Valley Project Improvement Act
(Public Law 102-575); .State and local agencies will be required to fund the
remaining 25 %, and that within that 25 %, a funding ratio established under the
Flood Control Act would require the State.to provide .70% of the 25% (.17.5%
of the total), and would require local agencies to fund the remaining 30% Of the
25 % (7.5 % of the total). If these provisions are made, GCID may be required
to pay only about 10% of the total project cost.

Comment: Mr. Richard Mallory of the Sacramento Valley Landowners group asked if a
Portion of the funding may be provided for under the State of California Heritage
Bond Act.

Response: Mr. Barsch confirmed that there is a funding provision within the Heritage Bond
Act and that the project team will explore it as a possible funding source._.

~ Comment: Mr. Richard Mallory of the Sacramento Valley Landowners group asked what
i mitigation is proposed for impacts to endangered species that. thrive in the shaded
--: : riverine aquatic cover habitat on the banks of the Sacramento River.

i Response: Mr. Pahl responded that the environmental studies conducted as part of the
’ EIR/EIS process will reveal the impacts to the river banks and habitat. He
i continued to say that the U.S. Army Corps of Engineers is currently working
! with the U.S. Fish and Wildlife Service to develop a scientific, basis for

determining mitigation figures for riverine aquatic species, as well as for other
endangered species.

V. CEQA NOTICING AND SCOPING

A. NOTICE OF PREPARATION

In addition to the conduct of the two NEPA scoping meetings, DWR/The Reclamation Board
also provided a Notice of Preparation for the EIR portion of the combined EIR/EIS consistent
with the California Environmental Quality Act (CEQA). Acting as the state lead agency4

4 A lead agency is the public agency which has the principal responsibility for carrying out or approving a project (P.R.C. § 21083;
CEQA Guidelines, section 15367).
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to Guidelines § 150505, DWR Notice of Preparation6 (NOP)pursuant CEQA prepared a
(Attachment 10) and submitted it to the Office of Planning and Research on June 8, 1993.

EIR was assigned State Clearinghouse7 Number was subsequentlyThis 93062042. The NOP
distributed by the State Clearinghouse to responsible agencies8 and trustee agencies9. The
official review period for these agencies to provide comments to the NOP began on June 14,
1993, and continued through July 14, 1993.

The following agencies were provided a copy of the NOP pursuant to CEQA requirements (Cal.
Code Regulations Tit. 14 § 15050 subd. [b]) as responsible state agencies, consultation
concerning the Draft EIR (Cal. Code Regs Tit. 14 § 15086) and public review of the Draft EIR
(Cal. Code Regs Tit. 14 § 15087):

¯ Department of Boating and Waterways
¯ Department of Conservation
¯ Office of Historic Preservation
¯ Department of Parks and Recreation
¯ Reclamation Board
¯ Department of Water Resources
¯ Department of Fish and Game
¯ Native American Heritage Commission
¯ State Lands Commission
¯ Caltrans, District 3
¯ Department of Food and Agriculture
¯ Air Resources Board
¯ State Water Resources Control Board (Division of Water Quality)
¯ State Water Resources Control Board (Division of Water Rights)

5 Section 15050, subd. (a) of the CEQA Guidelines state that "Where a project is to be earned out or approved by more than one public

agency, one public agency shall be responsible for preparing an EIR or Negative Declaration for the project. This agency shall be
called the Lead Agency.

6 A Notice of Preparation is intended to allow responsible and trustee agencies to inform the lead agency with specific detail about the

scope and content of the environmental information related to the responding agency’s area of statutory responsibility. The NOP,
at a minimum, must contain (P.R.C. § 21083; CEQA Guidelines § 15082):
(1) A description of the project;
(2) A description of the location of the project; and,
(3) A summary of the probable environmental effects of the project.

The State Clearinghouse is in the Office of Planning and Research which, in turn, is part of the Governor’s Office.7

8 A responsible agency is a public agency which proposes to carry out or approve a project for whleh a lead agency is preparing or
has prepared an EIR or Negative Declaration (P.R.C. § 21083; CEQA Guidelines § 15381).

9 A trustee agency is a state agency having juNsdiction by law over natural resources affected which are held in trust for the people
of the State of California (P.R.C. § 21083; CEQA Guidelines § 15386). For example, the California Department ofFish and Game
is a trustee agency with regard to the fish and wildlife resources of the state.

!
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¯ Central Valley Regional Water Quality Control Board, Central Valley Region
(Sacramento).

B. SUMMARY OF WRITTEN COMMENTS RECEIVED

Four written comments were received in response to the NOP, as follows:

1) State Lands Commission (SLC): notified of its status as a Responsible or Trustee Agency
as well as its ownership claims and jurisdiction over the bed of the Sacramento River at
the project site. SLC advised DWR that a lease or permit from the SLC is required for
the project (July 14, 1993).

2) Caltrans, District 3: requested that additional information regarding the limits and
magnitude of the Gradient Restoration Facilities be provided (July 16, 1993).

3) CDFG: acknowledged’its ongoing direct involvement in the funding and development of
the EIS/EIR process for the project, including previous comments already submitted~, to
HDR Engineering, Inc. CDFG stated that the background statement included with the
NOP accurately summarizes the conditions as they exist. It was also stated (July 21,
1993) that:

"The California Department of Fish and Game (Department) has, and continues
to be, directly involved in the funding and development of the EIR/EIS process
for this project. In that capacity detailed input and comments have been, and will
continue to be, provided directly to the contractor (HDR Engineering Inc.) that
is preparing the EIR/EIS."

4) Mr. Carl Funke: expressed his desire for timely completion of a thorough EIS/EIR to
avoid delays during the project construction. Potential impacts of the gradient restoration
work must be adequately addressed in the EIS/EIR, including water turbidity, sediment
deposition, loss of ripa.rian habitat and elderberry bushes, and effects on fish migration.
DWR is askedto consider the Sacramento River’s designation as a "critical habitat," as
well as issues and potential lawsuits proposed by environmental groups. Regarding
proposed pumping of fish from the bypass, it was asked that an alternative be selected
that minimizes fish loss, .parficularly endangered species. It was also noted that
landowners are bearing the cost of not having access to water rights during the
completion of the project.

VI. SCOPING SUMMARY

NEPA Scoping Regulations 40 C.F.R. Part 1501.7 have been fulfilled for this federal action
(project). An open public process has been encouraged, and facilitated throughout scoping. The
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public’s comments have been noted, and shall be addressed in the preparation of the EIR/EIS.
Fish mortality problems at the GCID diversion, efforts to correct them, and government agency
restrictions on GCID’s operations have all been well publicized prior to, and .during the scoping
process. Consequently, much of the public’s comments have been requests for completing the
engineering feasibility studies, .environmental documentation and review, and arriving at a
solution which can ultimately allow the most directly affected public, GCID growers and entities
dependent upon them, to.resume pumping the volume of.~water that was diverted prior to
government restrictions.

Scoping has been completed. The next steps in the environmental documentation and review
process are: 1) completing the draft EIR/EIS; 2) receiving public review and comment regarding
the contents of the draft EIR/EIS; 3) conducting public hearings in Willows and Sacramento
regarding the draft EIR/EIS contents and findings; and, 4) finalizing and certifying the EIR/EIS.
The draft and final versions of the EIR/EIS will identify an environmentally superior alternative
for subsequent use by agency decisionmakers.

The final EIR/EIS then will be used by Reclamation, DWR/Reclamation Board, other federal
and state agencies having jurisdiction or interest in the final outcome, and other interested
parties, including GCID, to make a decision regarding the selection of a preferred alternative.
Those decisionmakers will use the information in the EIR/EIS, along with other considerations
as they deem appropriate, to select a preferred alternative. Funding for actual construction of
their preferred alternative will follow.

Table 1 summarizes written and verbal comments receivedthe and theduring scopingprocess,
means whereby these comments will be addressed in the EIR/EIS for this project.
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COMMENT EIR/EIS SECTION

1. Inelude/account for landowners and 30 acres ofThe land use section will include an ownership map
land on the west side of the Sacramento River. for assessing impacts to properties that may be

affected by project construction.

2. Consider important habitat? Important fisheries and riparian habitat will be
addressed for each alternative.

3. Joint EIR/t~IS? The document is a joint EIR/EIS, with DWR/The
Reclamation Board acting as state lead agency, and
Reclamation acting as the federal lead agency.

4. Examine economic impacts thoroughly Socioeconomic impacts that could continue without
the approval and construction of a long-term
solution to the fish mortality problems are examined
in association with the "No-Project" (anticipated
future conditions) alternative.

5. Consider sonic, light, and deflector wall ¯ These technologies were considered, discussed, and
technologies, eliminated from further study. The justification for

their elimination will be addressed in the section of
the EIR/EIS that reviews the alternatives
development process.

6. What level of serntiny is being given to other It is outside the scope of this EIR/EIS to review the
facilities pumping water from the Sacramento River?scrutiny being given other pumping facilities.

However, the EIR/EIS does clearly state in the
Purpose and Need chapter that fish mortality at the
GCID facilities is one of several contributing fish
mortality factors and/or causes.

7. Will impacts to migratory birds be addressed? Impacts to migratory birds will be addressed in the
analyses associated with the "No-Project" alternative
- anticipated future conditions without a long-term
solution to fish screening problems - specifically in
the event of long-term restrictions in pumping
volumes and subsequent deliveries to nearby
wildlife refuges.

8. Will recreational impacts be addressed? Recreational impacts are addressed for all
alternatives.

9. Will impacts to elderberry bushes and habitat forPotentially significant impacts to elderberry bushes
Valley Elderberry Longhorn Beetle (VELB) be and VELB will be addressed for each alternative.
addressed?

10. Air quality, noise, and transportation impacts Comment noted.
should be minimal.
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,
11. State Lands Commission lease or permit ¯ State Lands Commission permiis and/or lease
requirement, requirements will be addressed in the "Consultation

and Coordination" chapter of the EIR/EIS.

12. Will additional information on the magnitude of The EIR/EIS uses the most recent, and most
the GRF be analyzed?                             detailed information regarding the extent of aquatic

and riparian/terrestrial disturbance that could result
from construction and operation of the GRF. Much
new information was developed after the public
scoping meetings were held in an effort to obtain
this greater level of detail.

13. Will and sediment related to turbidity and sedimentturbidity depositionimpacts Impacts deposition,
be addressed in the EIR/EIS. anticipated primarily from construction of the fish

screens and GRF, will be addressed for each
alternative.

14. Will fish migration impacts be analyzed. Fish migration impacts will be analyzed, both from
the standpoint of upstream adult migration, and
downstream juvenile migration, for the appropriate
species.

15. Will endangered species, critical habitat, fish Endangered species, critical habitat, fish bypass,
bypass, and related impacts be analyzed? and related impacts will be analyzed thoroughly for

each alternative.
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ATTACHMENT 1
NEWSPAPER ADVERTISEMENT/PUBLIC NOTICE

PLACED IN THE WILLOWS JOURNAL
AND THE ORLAND PRESS-REGISTER

ON OCTOBER 7, 1992

AS NOTIFICATION OF THE PRELIMINARY SCOPING MEETING
’OF OCTOBER 8, 1992

!

I

!
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ATTACHMENT 1 - Newspaper Advertisement for 1992 Preliminary Scoping Meeting

PURPOSE The California Department of Water Resources/Reclamation Board
OF is preparing an Environmental Impact Report (EIR) to analyze the

THE impacts of improving the intake, fish screening, and bypass
MEETING facilities at the Glenn-Colusa Irrigation District (GCID) Hamilton

City Pumping Plant. GCID proposes to modify the fish screens
and either modify the gradient in the Sacramento River or develop
needed hydraulic head through the use of pumps to make these
improvements. Analyses will include the direct impacts to aquatic,
riparian, and terrestrial resources, and secondary impacts to
socioeconomic., recreation, and related resources of various
alternatives.

DATE Thursday, October 8, 1992

TIME 7:00 p.m.

WHERE Orland Building
Shasta between 3d and 4th
Orland, California

PUBLIC The Reclamation Board invites you to attend the meeting and to
INPUT provide input regarding the scope of the alternatives and the

impacts analyses to be included in the EIR. Written comments may
be sent to the California Department of Water Resources at the
address provided below.

CONTACT For more information on this study, please contact the California
Department Water Resources, Stacy Cepello,of Attn: Mr. 2440
North Main Street, Red Bluff, CA 96080: Telephone (916) 529-
7352.                                    ,,

!
!
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ATTACHMENT 2

HALL SIGNS, BROCHURE,
ATTENDANCE SIGN-IN SHEET

AND COMMENT SHEET

USED IN SUPPORT OF THE PRELIMINARY SCOPING MEETING
OCTOBER 8, 1992

,!

.!
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Glenn- Colusa Irrigation District

Sacramento River Gradient Restoration

and Fish Screen Improvements

Environmental Impact Report
and

Environmental Impact Statement

Public Scoping Session
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Agenda

7:00 Introductions and Purpose of
Meeting by DWR, HDR Inc., and

Brief Project Description                                           Beak Consultants Incorporated

The Intake Facilities and Fish Screen
Improvements project will evaluate 7:15 Description of Project and

alternatives for correcting the juvenile fish ., Explanation of Environmental

mortality problems occurring at the GCID Process
diversion on the Sacramento River. Both
gradient restoration in the Sacramento River
and a new (or modified) fish screen in the 7:30 Open for Public and Agency Input,

existing intake channel are included as Comments, and Suggestions

components of the project.

9:30 Adjournment

Thank you for your attendance and input



Glenn-Colusa Irrigation District
Intake Facilities and Fish ScreenImprovements

EIR

Attendance Sign-In Sheet

Please sign your name and address below. If you wish to be notified when the Draft EIR is
available, please check the last column.

NAME ADDRESS PHONE NO. NOTIFY ?
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Glenn-Colusa Irrigation District
IntakeFacilities and Fish Screen Improvements

EIR/EIS

Comment Sheet

If you have comments or suggestions on issues which you feel should be addressed in the
EIR/EIS, please fill out this sheet and hand it to Mr.,Stacy Cepello at the Public Scoping Session
or, if more time is needed, fold, tape, and mail it to the address on the reverse side.

Public input will be accepted by mail until November 30, 1992.

,!
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ATTACHMENT 3
COMPLETED ATTENDANCE SHEET

FOR THE PRELIMINARY SCOPING MEETING
OCTOBER 8, 1992

!
!

!
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Glenn-Colusa Irrigation District
Intake Facilities and Fish Screen Improvements

EIR/EIS

Attendanc~ Sign-In Sheet

Please sign your name, address, and affiliation below.

NAME ADDRESS AFFILIATION

i glo~ct tO~il~ ~o~ ~.~" b~a_~ejl F~/~

I ~
O~

!
!

I
!
I
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Glenn-C0!usa Irrigati°nDistrict
t.... Intake Facilities and Fish Screen Improvements

EIR/EIS

Attendance Sign-In Sheet I

Please sign your name, address, and affiliation below.
I

NAME ADDRF~S AFFILIATION

i

- �--086363
0-086363



ATTACHMENT 4
NOTICE OF INTENT

TO PREPARE AN ENVIRONMENTAL IMPACT STATEMENT
AND ENVIRONMENTAL IMPACT REPORT

FOR PROPOSED GLENN-COLUSA IRRIGATION DISTRICT
FISH SCREENING FACILITIES IMPROVEMENTS,

SACRAMENTO RIVER, GLENN COUNTY, CALIFORNIA
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I 52506 Federhl Rc’gister / Vo1.:56, No. 194/’Friday, NoticesOctober 8,.1993/

~ Group V. BP America Inc.; The Standardwill be, awarded to the existing . : EIS/EIR. Written com~nents sl.~ould be

I , Oil Co.’; BP Exploration & Oil Inc.; BPconcessioner, mailed by November 12, 1993. Oral
Exploration (A!aska} Inc. If the existing concessioner does not comments will be taken at a seeping
.Dated: Octob’er 41 :i993. ’ " submit a responsive offer, th’e right of meeting on Wednesday, Octgber 27,

Tom Fry, . - preference in renewal shall be 1~9.3, at 7 p.m .....
.... considered to have been waived, andADDRESSES: Written comments should

: "Director, MinemlsManagement Service.
¯ the permit will then be awarded.to thebe addressed to the Reclamation Board,[FR Dec. 93-24782 Filed 10-7-93; 8:45 am]party that has submitted the best ¯ c/o Mr. Stacy Cepello, California’.a~LUNG C~aE ~-Ma-~ responsive offer. ’ Department of Water Resources, 2440The Secretary will consider and Main Street, Red Bluff, CA 96080. Theevaluate all proposals received as a : scoping meeting will be held at theNational Park Service . "result .of this notice. Any proposal, ~̄

Willows Civic lviemorial Building, 525including that of the existingConcession Permit; Acadia National West Sycamore Street, Willows, CA
Park, Maine .. concessioner, must be received by the 95988. ’ "

~ I Regional Director not later.than the
TGSNCY= National Park Service, Interior.sixtieth (60th} day following publicationFOR FvRT~ER INFOaMAIION CONTACT~.

_I ACTION-" Public notice. " ¯ of this notice to be considered and Mr. Robert Shaffer, Environmental
evaluated. Specialist, Bureau of Reclamatior~, Mid-

Pacific Region, MP-750, 2800 CottageS~M~ART: Public notice is hereby given Dated: September 27, 1993: "" " Way, Room W-2103, .Sacramento, CA’ that the National Park Service proposesMarie Rust, 95825, telephone: {916} 978---5487; orto award a concession permit . "BegionalDirecton Mr. Stacy Cepello, Environmentalauthorizing continued carriage ride
services, horse camp facility, and day [FR Dec. 93-24720 Filed 10--7-~3; 8:45 am]Specialist, .California Department of

I use parking and related services for mauNa ¢oo~ ~w-z~-~ Water Resources, 2440 Main Street, Red
visiting equestrians for the public a~ . Bluff, CA 96080, telephone: (916) 529-

7352.Acadia National Park, Maine for a Bureau of Reclamationperiod of three years from January 1; SUPPLEMENTARY INFORMATION: Under a
1994, through December 31, 1996. Proposed Glenn-Colusa Irrigation . ¯ water rights settlement contract with

ReclamatiOn, GCID diverts irrigation "EFFECTIVE DATE= December 7, 1993. . District Fish Screening Facilities.
water from the Sacramento River at itso. ’ ADDRESSES= Interested’parties should Improvements, Sacramento River,

contact the Regional Director; NationalGlenn County, CA Hamilton City pumping plant which is
located about 5 miles northwest ofi Park Service, North Atlantic Region, ¯ AGENCY: Bureau of Reclamation, Hamilton City in Glenn County,..Attention: Division of Concessions Interior.. ’ California.Program Management, 15 State Street,

ACTION: Notice of intent to prepare an Fish screens were i~stalled at theBoston, MA 02109-3572, Telephone
environmental impact statement./ plant in 1972 by the CaliforniaI (617} 223-5209, to obtain a copy of the
environmental of Fish and Gameprospectus describing th~ requirements
cohduct a publici~npaCtscopingrep°rt’meeting.and to

. . Departmentthe entrainment’of downstreamt°.prevent
of the proposed permit.. ’ migrating fish, primarily chinook
SUPPLEMENTARY INFORMATION: This ¯ . .SUMMAnY: Pursuant to sections salmon. Th~ screens bare operated

. pe.rmit renewal has been determined to3406{b)(20} and 3410 of the Central since then with mixed success. Since
be categorically excluded from the " Valley Project Improvement Act, sectionconstruction of¯the fish screens, the "’ . procedural provisions of the National ~102(2)(c} of the National Environmentalmorphology and hydrology of theEnvironmental Policy Act and no ¯. Policy Act of 1969, as amended, and. "~Sacramento River main channel have

: I
. environmental document will be section 21002 of th~ California ’ ’ changed. As a result, the gradient of the
prepared .... Environmental Quality Act, the’Bureauriver has increased, and the waterThe existing "concessioner has - of Reclamation (Reclamation} and the elevation at the fish screens has been- "
performed its obligations to the Reclamation Board of the State of "" lowered about 3 feet, rendering the .

i . satisfaction of the Secretary under an California (an’independent State board},screens less effective. Fishery agencyexisting permit which expires by " intend to prepare a joint environmental . biologists and engineers generally agree
limitation of time on December 31, impact statement/environmental impactthat modifying the fish screens and/or

.’ ¯ 1992, and therefore pursuant to the report {EIS/EIR} for the Glenn-Colusa restoring the gradient of the river is

i
provisions of section 5 of the Act of Irrigation District’s {GCID) proposed " needed to reduce fish mortality.

¯ October 9, I965 (79 Star. 969; 16 U.S.C.Fish Screening Facilities hnprovements In 1990, the winter-run chinook
¯. 20}, is entitled to be given preference in.Proiect as its ttamilton City pumping ." salmon was listed as threatened undur

the renewal of the permit and in the.. plant on the Sacramento River, Glenn’ the Federal Endangered Species Act
n’egotiation of a new permit, providing"County, California. Reclamation, the {ESA); and the United States brought an

I that.the existing concessioner submits a.Reclamation Board, and GCID propose .. action pursuant [~ the ESA seeking an ’
responsive offer {a timely offer which to either improve the existing screens,̄  order to enioin GCID from operating its
meets the terms and conditions of the build new screens, relocate the intake,IIamilton City pumping plant. As a
Prospectus). This means that the pernfitrestore the Sacramento River gradient byresult of settlement negotiations to

I will be awarded to the party submitting"raising the water elevation abou~ 3 feet:allow GCID to continue to operate its
tlie best offer, provided that if the best in the vicinity of the pumping plant~ or,pumping plant during peak winter-run

.... offer.was not submitted by tho existing a combination thereof, to reduce ....chinook salmon downstream migration,.~ ¯ ~oncessioner, then the existing . ~.mortality of chinook salmon and other .GCID i~ required to pursue a long-term’

i " concessioner will be afforded the.., species of fish. " : ¯ repair or replacement of its fish" screens.
opportunity’to match the best offer. If. DATES: Comments are requested on thisPursuant to sectio.ns 3406.{b){20] arzd¯ ¯ the existing con.cessioner agrees.to ’"notice concerning the scope of" ’ " . 3410 of the Central Valley Project ¯
match the best offer: then the permit" alternatives and !mpa’ct analysis for the.Improvement Act {Title 34 of Pub. L.
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Fede~’alRegister / Vol. 58, No. 194 / Friday, October 8, 1993 / Notices 5Z507

102-575), the Secretary. of the Interior is corporations intend to provide or rise. modified in Mendocino Coast Ry.,
authorized and directed to participate "’ compensated intercorporate haulingInc,--Lease and Operate,’360 I.C.C. 653
with the State of California and other operations as authorized in 49 U.S.C..(1980). " ..... . ’
Federal agencies in the implementation ’10524(b). Petitions to revoke the.exemption :
of the ongoing program to fully mitigate 1. Parent.corporation and address ofunder 49 U.S.C: 10505{d)’may be filed
the fishery impacts associated with theprincipal office~ Kost Brothers at any time. The filing of a petition to
operation of the pumping plant. For the’.Incorporated--a Minnesota corporation,r~voke will not stay the transaction.
EIS/EIR, Reclamation is the lead Federal1515 1st Avenue North, Moorhead, MNPleadings must .be filedwith the
agency, and the Reclamation Board, 56560. Commission and served on: Roger A.
represented by the Department of Wat~r 2. Wholly owned ~ubsidiaries which Serpe, General Counsel, Indiana Harbor.
Resources, is the lead State agency.. . .will participate in the operations, and Belt Railroad Co~npany, 175 W. Jackson

The EIS/EIR will e~,aluato the " state of incorporation: ¯ .         ’’ Blvd., Suite 1460, Chicago, IL 60604.
environmental impacts of various (a) Elbow Lake Gravel, Inc.--a " Dcclded: September 30,. 1993. ~
combinations of restoring the river.. ’ "Minnesota corporation, Box 164, Elbo~v By the Commission..Davld M. Konschnik..
gradient, relocating the intake and    .:Lake, MN 56531.. Director, Office of Proceedings. : ....
screen, and modifying the design of the , {b).Hawley Ready-Mix, Inc.---a Sidney L. Strickland, Jr., " ’ ’
screens, Analyses will’include potentialMinnesota corporation, PO Box 707. ’Secretory. "
direct impacts to aquatic, riparian, andHawley, Miunesota 56549. . IFR Dec. 93-24830 Filed 10-7-93; 8:45 am]
terrestrial resources, and potential ¯’ Sidney L. S~rickland, Jr., ’ mLLm~ CO~:~
secondary impacts to socioeconomic, Secretory. ’ ’ " .. ’
recreation, and related resources for [FR Doc..93-24828 Filed 10-7-93; 8:45 a~n]
each alternative.        .                                                                                   . ¯

GCID; State, Federal,’an~ loc~al
mLUna coe~ 7O~-O~-.M DEPARTMENT OF JUSTICE

.agencies: organizations; and interested - ’ Lodging of Consent Decree, United
persons have been addressing the issues [Finance Docket No. 32348] States v. Electro-Voice~ Inc.
related to fish mortality for many years, ¯
with concerted efforts to resolve the Indiana. Harbor Belt Railroad CompanyNotice is hereby ~given that a Consent
problem since 1989. On October 8, and the Belt Railway Company of . Decree in United States v. Electro-Voice,
1992, the Department of Water Chicago--Joint Relocation Prelect .. Inc., Civil Action No. 1:93CV753, was
Resources conducted a preliminary . Exemption " " ~ : lodged with the United States District

: Court for the Western District ofpublic scoping session to solicit public ’ On September 13, 1993, Indiana
input regarding needed fish screening..= Harbor Belt Railroad Company {IHB)~ ....action was brought unde~ Sections 106facility improvements and potential filed a notice of exemption under 49 ~ ¯ and 107 Of the Comprehensivb" " "idirect and secondary impacts to the ’ CFR 1180.2{d)(5) to relocate a portion of.. Environmental Resl~ons6, Compensation.
localarea. A second scoping meeting. īts Stockyard Branch Line in Chicago, and Liability Act of 1980, as amended. :will be held on October 27, 1993, to IL, extending from milepost ’2.02 to . {̄"CERCLA"}, 42 U.S.C: 9606, 9607, withsolicit additional comments regarding ~milepost 4.81 from its present locationrespect to the Electro-Voice Superfundthe alternatives and the associated to a parallel and adjacent track ownedSite locatedat 600 Cecil Street,potential direct and indirect and operated by The Belt Railway Buchanan, Michigan. The Consentenvironmental impacts.. Company of Chicago (BRC}, Under theDecree provides that defendants will:For those persons requiring spec!al proposal, IHB and BRC will consolidateimplement ~emediation for the First
services, please contact Mr. Stacy rail traffic where their tracks parallel Operable Unit at theElectro-Volce Site.Cepello at the Department of Water each other in Chicago from BRC 55th "and pay $24,223.55 bf past response " ’Resources, telephone: (916) 529-73.52.Street interlocking plant, westerly to costs incurred by the U.S. "Please call lv~. Cepello as far in advance59th and Oak Park Streets. IHB will "Environmental Protection Agency inof the meeting as possible, and no laterremove its main track, which is located- connection with the Site;than October 20, 1993, to enable the apprpximately 75 feet north of BRC’s For thirty {30} days from
Department o[ Water Resources to ¯. double mainline tracks, and BRC will publication of this notice, thesecure the needed services. Ira requestgrant trackage rights over.its mainline.Department of Justice Will receive .̄cannot be-honored, the requester will betra~:ks to the IHB between the aforesaidwritten comments relating tb the "-
notified. A telephone device for the locations. The parties intend to. .Cons.eat Decree. Comments should be’hearing impaired is available, TeD consummate the transaction on or afteraddressed to the Assistant Attorney
n̄umber {916} 653-6934. September 20, 1993. ’ . General, Environmental and Natural

Dated: October 1, 1993. ’ ". IHB states that train service wil~ Resources Division, Department of
1. Willimn McDonald, ": ¯ ¯ : remain the same following the’,." . 0. Justice, Washington; D.G; 20530 and
Acting Deputy Commissioner. ¯ relocation and that there are no should refer to United Stores v.’Electro- ’
[FR Dec. 93-24775 Filed 10-7-93;’.8::~5 am] industries or patrons served by the trackVoice, Inc., D.O.J. Ref. No. 90:11-2-

that will be affected by the relocation. 776, ’ ¯
mu.m~ cor~ 4=~o.-~-~ ’ " The purpose of the joint relocation is to-- The Consent De~rea may be examined

eliminate, excess facilities, develop at the Office of the United States
COMMER’CE operating economies, and i~nprove .. Attorney, Westor~ District of Michigan,

INTERSTATE ¯ ¯ safety.. 399 Federal Building, Grand Rapids,
COMMISSION. As a condition to the use of this ¯ , Michigan 49503 and at thb Region 5
Intent to Engage In Compensated exemption, any employees affected byoffice of the U.S. Environmental
Intercorporate Hauling Operations the trackage rights agreement will be Protection Agency, 7.7 W, Jackson

protected by the conditions ira, posed inBoulevard, Chicago, Illinois 60604.
This is to provide notice as required Norfolk and Western Ry. Co.--Trackage A copy of the Conseut Decree also -.

by 49 U.S.¢2. 10524(b}(1} that the namedRights--BN, 354 I.C.C. 605 (1978}, as . _may be examined at the Consent Decree

! .
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BUREAU OF RECLAMATION PRESS RELEASE

AS NOTIFICATION OF THE FORMAL PUBLIC SCOPING MEETINGo~ o~oo~7,,~
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DEPARTMENT of the INTERIOR
ne s release

BUREAU OF RECLAMATION MP-93-91
Mid-Pacific Region
2800 Cottage Way Jeffrey S. McCracken
Sacramento CA 95825-1898 916/978-4919

For Immediate Release: October 20, 1993

PUBLIC MEETING SCHEDULED TO GATHER COMMENTS
FOR DRAFT ENVIRONMENTAL DOCUMENT

ON PROPOSED MODIFICATIONS
TO GLENN-COLUSA’S HAMILTON CITY PUMPING PLANT

The Bureau of Reclamation, the Glenn-Colusa Irrigation District (GCID), and the

California Reclamation Board have scheduled a public meeting to elicit public input

regarding issues and concerns to be addressed ~n a draft Environmental Impact

Report/Environmental Impact Statement for proposed modifications to GCID’s

Hamilton City Pumping Plant. The pumping plant is located on the Sacramento River

about 5 miles northwest of Hamilton City in Glenn County, California.

The modifications are designed to prevent downstream migrating salmon from
getting trapped in the District’s intake structures. Existing fish screens are not effective
in protecting smo!ts retm’-..,.’ng to the sea Of pa.,’tieuL~ co~em i~ risk to the tbrea.tened
winter-run. The Federal, State, and local agencies and organizations are working
collectively to correct the problem.

The meeting is scheduled as follows:

Wednesday, October :27, 1993
7 p.m.

W’dlows525 West Civic Sycamore Memorialstreet Building

!
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Interested individuals and organizations can also participate in the scoping process
by submitting written comments postmarked no later than November 12.

For further information, please call Robert Shaffer, Environmental Specialist,
Bureau of Reclamation, Mid-Pacific Region, 2800 Cottage Way, Room W-2103,
Sacramento, CA 95825; 916/978-5124. Reelamation’s telephone device for the deaf
(TDD) number is,916/978.-4417. Or call Stacy Cepello, Environmental Specialist,
California Department of Water Resources, 2440 Main Street, Red Bluff, CA 96080;
telephone, 916/529-7352.

Note: For those persons requiring spedal services, please call Mr. Cepello no
later than October 25 to enable the Department of Water Resources to secure the
needed services. If your request cannot be honored, you will be notified.

!
-DOI-

!
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ATTACHMENT 6

NEWSPAPER ADVERTISEMENT/PUBLIC NOTICE

i PLACED IN THE WILLOWS JOURNAL
AND THE ORLAND PRESS-REGISTER
ON OCTOBER 18, 20, AND 22, 1993

AS NOTIFICATION OF THE FORMAL PUBLIC SCOPING MEETING
OF OCTOBER 27, 1993

!

!
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ATFACHMENT 6 - Newspaper Advertisement for 1993 Formal Scoping Meeting

PURPOSE The Department of the Interior, Bureau of Reclamation
OF (Reclamation) and The Reclamation Board of the State of California

THE are jointly preparing an Environmental Impact Statement
MEETING (EIS)/Environmental Impact Report (EIR) to analyze the impacts of

improving the intake, fish screening, and bypass facilities at the
Glenn-Colusa Irrigation District (GCID) Hamilton City Pumping
Plant. GCID proposes to modify the fish screens and either modify
the gradient in the Sacramento River or develop needed hydraulic
head through the use of pumps to make these improvements.
Analyses will include the direct impacts to aquatic, riparian, and
terrestrial resources, and secondary impacts to socioeconomic,
recreation, and related resources of various alternatives.

DATE Wednesday, October 27, 1993

TIME 7:00 p.m.

WHERE Willows Memorial Building
525 West Sycamore Street
Willows, California

PUBLIC The Reclamation Board and the Bureau of Reclamation invite you
INPUT to attend the meeting and to provide input regarding the scope of

the alternatives and the impacts analyses to includedbe in the
EIS/EIR. Written comments may be sent to the California
Department of Water Resources, or the U.S. Bureau of
Reclamation at the addresses provided below.

CONTACTS
For more information on this study, please contact either the
California Department of Water Resources, Attn: Mr. Stacy
Cepello, 2440 North Main Street, Red Bluff, CA 96080: Telephone
(916) 529-7352; or the U.S. Bureau of Reclamation, Attn: Mr. Bob
Shaffer, Environmental Specialist, 2800 Cottage Way, Sacramento,
CA 95825: Telephone (916) 978-5487.

C--086371
C-086371



I
I
I

ATTACHMENT 7
I COMPLETED ATTENDANCE SHEET

FOR THE FORMAL PUBLIC SCOPING MEETING
I OF OCTOBER 27, 1993

I
I

I
!
I
i
I
I
I
I ~
I
I
I
I

C--086372
(3-086372



California Department of Water Resources
U.S, Department of fhe Interior, l~ureau of Reclamation

Glenn-Colusa I~igation District
Intake Facilities and Fish Screen Improvements

EIR/EIS

Attendance Sign-In She..t

Please sign your name, address, and affiliation beaow.

NA~E ADDRF~S AFFILIATION

I
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ATTACHMENT 8

PRESENTATIONS FOR THE PUBLIC SCOPING MEETING
ORDER OF SPEAKERS AND TOPICS

FOR THE FORMAL PUBLIC SCOPING MEETING
OF OCTOBER 27, 1993

.!

|
i
|
!
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PRESENTATIONS
FOR THE PUBLIC SCOPING MEETING
ORDER OF SPEAKERS AND TOPICS

Speaker

Don Wagenet ...... 7:00 -.Welcome attenders,, and,, introduces himself, (Ray Barsch or
Stacy Cepello), Paul Capener, and Mike Stansbury, and 1) state
purpose of the meeting, (purposes and "non" purposes), then describe
what each speaker will discuss. Transition to Ray Barsch or Stacy
Cepello. (5 min)

Ray Barsch 7:05 - Introduces himself and briefly discusses history of the project
or Stacy Cepello (using GCID poster boards as exhibits if so desired) with respect

to agency interactions, and the role of the State Department of Water
Resources and the Reelarnation Board in sponsoring this study in
close cooperation with the California Department of Fish and Game
and Glenn-Colusa Irrigation District. Defines the steering committee
and describes the process used to select a contractor. Identifies HDR
and Beak as the two primary members of the contractor team, and
introduces Paul Capener and topics that Paul will cover. (10 min)

Paul Capener 7:15 - Introduces himself and the role of the U.S. Department of the
Interior as a Federal Lead Agency for the EIR/EIS. Continues to
clearly describe the nature of the participation and roles of
Reclamation and the U.S. Fish and Wildlife Service in this project,
and how Interior involvement will continue through completion of the
environmental documentation and permitting process through actual
construction of the selected alternative. Introduces Mike Stansbury of
HDR Inc. (15 min)

Mike Stansbury 7:30 - Introduces himself, then describes the role of HDR as the
prime contractor, the steering committee meetings held to date, and
how I/DR has been evaluating and screening the alternatives
identified to date (shows alternatives boards). Discusses the
importance of cooperation among the contractor and the steering
committee, the planned communications among the contractor,
agencies and the public, and the progress schedule for the engineering
and environmental investigations. Solicits substantive input regarding
engineering solutions for the GCID issues. Identifies fisheries issues
as the "driving force" for much of the environmental work, and
introduces Don Wagenet of Beak Consultants Incorporated as Beak’s
Project Manager and for the EIR/EIS. States that Don will briefly
address some of the more important fisheries issues, and other issues
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(refer to brochure) to be addressed in concert with engineering
solutions investigations. (15 min)

Don Wagenet 7:45 - Discusses the salient fish mortality factors occurring at the
screening facilities, some of the corrective measures taken to date (the

: latest being the training wall),, and the reliability of the existing
information t6 explain fish mortality. Summarizes with brief
description of the scoping process and the other EIR/EIS issues (refer
to brochure). (5-10 min)

Don Wagenet 7:50- 7:55 OPENS FLOOR FOR PUBLIC COMMENTS I

FLOOR STAYS OPEN UNTIL 9:30 IF NEEDED.
I

I
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ATTACHMENT 9

DISPLAY BOARDS PRESENTED AS
THE ALTERNATIVES REMAINING FOR

FURTHER ENGINEERING FEASIBILITY STUDIES
AND ENVIRONMENTAL IMPACTS ANALYSES IN THE

ENVIRONMENTAL IMPACT REPORT/ENVIRONMENTAL IMPACT STATEMENT

AS PART OF THE FORMAL PUBLIC SCOPING MEETING
OF OCTOBER 27, 1993
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ATTACHMENT 10

NOTICE OF COMPLETION
NOTICE OF PREPARATION
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Notice of Completion FormA

J
Mail to: S~t~ Clearinghouse, 1400 Tenth Street, Sacramento, CA 95814 916/445-0613SCH

Project Tltle: Glenn-Colusa Irriga~ion..,D~str~ct, Fish Screening Facilities Improvements EIR/EIS
LeadAgeney: Dept.[of.~at~r ~es./The Reclamation Board ConmctPemon: Mr. Stacy Cepello

S=eetAddress: 2440 No. Main Street Phone: (916)529-7352

Ci~: Red Bluff Zip: 96080 Count: Tehama

Pro|ect Location
Count: Glenn Ci~/Ne=est Cowanu~: Hamilton City

CrossS=eet~: Second Ave. and Cutler Ave.              Z~pCodc: 95951     TomlAcres: N/A

Assessor’s Paxed No. ,    N/A                      Section:                  Twp. 22N     Range: 2W     Base: MDBM
V~flfin 2 Miles: SLa~ Hwy #:    45            Walc~vays: Sacramento River

Airpom: N/A Ra~ways: N/A Sehool~: N/A

Document Type

CEQA:    ]~I~OP i-] Supplement/Subsequent NEPA: I’~ NOI Other: [] Joint Document
I-I Early Corts I-I EIR (Prior SCI-I No.) [] EA [] Final Document
[] Neg Dee [] Other [] Draft EIS [] Other
[] Dr~ Em [] FONS~

[] Gm~r~l Plan Update [] Speehqc Plm [] Rezone [] Anneaafio. n
[] Gen~r~l Plan Amendment [] M~r Plan [~] I’r~.on~ [] ReA~vdolxaent"
[] General Plan Element [] Planed Unit Devdopment ~ Use Perndt [] Coastal P~’adt
[] Community Plan [] Site Plan [] Land Div~ion (Subdivision, [] Other

¯ P~ce.l Map, Tract Map, e/c0

ir I Development Type

[] Res~d~tid: Units Acres [] Wa~r Facilities: Type MGD
l-IO~: Sq:ft._~___ Acres ,E.nptoye~ []Transpoa~iom Type
[] Commerciak S~1~. ~ Acres F.mptoyees [] Mining: Minerat
[] Ind.snial: Sq#.~ Acres Employees [] Pow~. Type
[] Educational [] W~ Treatment:Type
[] R~eational [] Hazardous Waste¢Type

~]Oth~. Improvements to Fish Intake~ Screenin
and Bypass Facil2tiez

Project I~ue$ Dlfficuffiffied In Document                                                                            .

[~A~sthetie/Vi.~aal ~ Flood Plain/Flooding [] Sehools/IJniversitles ~[~ Watcr Quality
[~dkgrieultural Land [] Forest Land!b"tte Hu.~d I--I Septic Systca-a~ ~ Water Supply/Groundwater
[] Air Quality ~[~ Geologic/Sdsmic [] Sewer Cepacity ~ Wetland/Riparian

~] Areheologiea!/Hi~torieal [] Minerals ~Soil Emsion/CompactioeiOrading
[] Coastal Zone . ~]~Noi~e [] Solid W~ste ~ Growth Inducing

~ Drainage/Absorption [] Population/Housing Bal~ee I~ToxiciHazardo~ I~ILanduse
~]~Eeonomie/Job$ ~V~Publie Se~iees/Facilities I~X~TrafficiCireulation ~Cumulative Effects
[] Fi*eal ~{Recreat ion/P~ks [~lVegetafion l~ther F i s h or i e s

Preffient Land ti~e/ZonlnglGeneral Plan tire Agricultural

Pro|eet Deffier|ptlon Six alternative means of either improv2ng the existing fish screens or
building new screens at or near the GCID intake channel ~ill be evaluated. Engineering
feasibility studies and env£ronmental evaluations are directed towards resolving problems
associated with winter-run chinooR salmon and other juvenile fish mortality a’c the exist2ng
screening faeilitiev. The preferred alternative uill be developed from ~hese studies and
evaluat ions.

N~TE: C~ea~ngh~ wi~ a~ign iden~‘.ati~n number~ ~r al~ new pmject~. If a SCH number a~ready exist~ f ~r a p~je¢t (e.g ~ fr~m a N~¢e 0f P~ep~rad0n
or Ne~i~u~ ~’aft d~ament) plea.~ fill it in.

C--086384
C-086384



ate May 20. 1993 Signature
I

Tide Proj P~ct Mana~_er

Telephone (916) 529-7352 I

.ference: C.alifonfia Code of Regulations, Tide 14, (CEQA Guidelines) Sectio~ 15082(a), 15103, 15375. Revi.sr.d October 1989 I
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I
NOTICE

STATE OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

RECLAMATION BOARD

June 7, 1993

TO: Interested Individuals and Agencies

RE: NOTICE OF PREPARATION - GCID INTAKE AND FISH SCREENING FACILITIES
IMPROVEMENTS ENVIRONMENTAL IMPACT REPORT (EIR)/ENVIRONMENTAL
IMPACT STATEMENT (EIS)

The California Department of Water Resources (DWR), The Reclamation Board (an independent
State Board), in cooperation with the U.S. Bureau of Reclamation, is conducting an engineering
analysis, Environmental Impact Report (EIR), and Environmental Impact Statement (EIS) on six
alternatives being considered for correcting the juvenile fish mortality problems occurring at the
Glenn-Colusa Irrigation District (GCID) irrigation water diversion on the Sacramento River, at River
Mile 206 near Hamilton City, California. This work includes both engineering and environmental
investigations of gradient restoration in the Sacramento River and/or new (or modified) fish screens.
The GCID diversion is located about five miles north of Hamilton City (Figure 1). The proposed
gradient restoration would be located in the main channel of the Sacramento River near River Mile
(R.M) 206, immediately downstream of the GCID intake channel.

In accordance with the California Environmental Quality Act (CEQA Cal. Pub. Res. Code Section
(§) 21080.4 (State), and the National Environmental Policy Act (40 CFR Parts 1500-1508), it has
been determined that an EIR/EIS will be prepared for the project. We are seeking your input
regarding the scope of the EIR/EIS as an initial step in the document preparation. We are
particularly interested in comments concerning potential project alternatives and impacts that should
be analyzed in the EIR/EIS. Your written comments should be sent no later than July 26, 1993 to:

Department of Water Resources
Attn: Mr. Stacy Cepello
2440 North Main Street             ~
Red Bluff, California 96080
(916) 529-7352
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Figure 1. Project Location
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Interested parties or organizations are encouraged to schedule additional informal scoping meetings
with the Department of Water Resources as needed to ensure that environmental concerns held by
these parties are considered prior to preparation of the draft EIR/EIS. The purpose of these scoping
meetings is to receive information, suggestions, and comments from agencies and citizens on topics
of concern which should be addressed in the EIR/EIS. To facilitate well-informed input, a
Background statement is attached. Your participation in this process is appreciated.

I BACKGROUND

1. History and Project Description

In May of 1972, the California Department of Fish and Game (CDFG) completed construction of
a 40-drum rotary fish screen at the intake to the GCID main pump station. The screen is one of the
largest rotary drum screens ever built,, and is still in operation. However, its design performance
was not realized because of a gradual lowering of the water surface caused by local river bed
degradation of the Sacramento River. This resulted from the cutoff of a large downstream river bend
during the high water of 1970. The normal water surface elevation at the screen has dropped about
3~h feet since 1972.       ¯

Serious deficiencies have been observed in the operation of the existing fish screens. CDFG has
identified high water velocities near the screens, inadequate fish bypass flows, and predation as the
major causes of fish mortality. Other structural problems with the screens are also believed to be
responsible for additional fish mortality. The overall mortality problem became severe in 1984,
when flow in the lower half of the bypass channel reversed direction and flowed toward the screen.
This was caused by sedimentation of the upper intake channel, combined with degradation of the
river channel. Young fish entering the intake channel were believed to have been trapped at or near
the screen.

In 1987, GCID and CDFG entered into a joint memorandum of understanding to fund an
investigation of potential solutions to fish mortality problems at the screens. Under conditions of an
interim U.S. Army Corps of Engineers (Corps) Section 404 permit issued to GCID for continued
sediment dredging in the bypass channel, a Technical Advisory Group (TAG) was established to help
direct and review the investigation. The engineering consulting firm of CH2M Hill was selected to
conduct the investigation.

The resulting feasibility report titled GCID/CDF&G Fish Protection and Gradient Restoration
Facilities, was published in November 1989 and evaluated 10 alternatives which combined either
modified fish screening facilities, Sacramento River gradient restoration, or both. One alternative
(B1), incorporating a new multiple-vee screen and bypass system with gradient restoration in the
river was recommended as preferred by the TAG.
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In 1989, the Corps was directed by special federal legislation to proceed with engineering and design
to restore the Sacramento River hydraulics near RM 206 to conditions that existed prior to the river
bend cutoff. As part of this work, the Corps is evaluating construction of a gradient restoration
facility (GRF) in the Sacramento River near Sacramento River Mile 206

Two design concepts for the GRF are being considered by the Corps as the GRF, if identified as
needed in theEIR/EIS process: The first GRF design concept - Sheet Pile Weirs - would be
constructed near Sacramento RM 206 as a series of five instream weirs designed to backfill with
natural river sediment. The second GRF design concept would be a "riffle" constructed near
Sacramento RM 206. This "riffle" structure would simulate flow conditions over a natural ~iffle,
and therefore (theoretically) more easily accommodate fish passage than the Sheet Pile Weir design
concept. Weir backfilling or riffle dimensions would be designed to increase Sacramento River
water surface elevations near the screens by about three feet, thereby restoring three feet of hydraulic
gradient.

Pursuant to Section 7(b) of the federal Endangered Species Act (ESA), the National Marine Fisheries
Service (NMFS) has concluded that Corps approval of GCID’s 404 Permit Application (number
198900254) to conduct maintenance dredging, and construct and remove a seasonal earthfill weir,
is likely to jeopardize the continued existence of the Sacramento River winter-run chinook salmon.
The Biological Opinion prepared by NMFS identifies a reasonable and prudent alternative consisting
of gradient restoration work in the Sacramento River and a new fish screen near the head of the
intake channel (Alternative B1; CH2M Hill 1989). NMFS has established acceptable levels of
incidental take for winter-run chinook salmon subsequent to the issuance of a Corps permit and
implementation of the reasonable and prudent alternative.

Pursuant to Sections 3410 and 3406Co)(20) of Public Law 102-575, the Secretary of Interior is
authorized, and directed, to participate with the State of California and other Federal agencies in the
implementation of the ongoing program to fully mitigate the fishery impacts associated with the
operation of the GCID facilities. For the EIR/EIS, the Bureau of Reclamation (not the U.S. Army
Corps of Engineers) is the lead Federal Agency, and The Reclamation Board, represented by the
Department of Water Resources, is the lead State agency.

2. Project Alternatives

The EIR/EIS will be used to evaluate six prelimihary engineering alternatives identified by DWR for
achieving the needed improvements to the GCID facilities. These six have been titled Alternatives
A, B1, C, D, E, and F. Table 1 summarizes pertinent features of each of these six alternatives,
including the design pumping rate for GCID, the Sacramento River flow at Hamilton City, the need
for a GRF, and the type and location of the screens. Alternatives B1, C, and D would require
construction of a GRF, and either the construction of new fish screens (Alternatives B 1 and C) or
modifications to the existing fish screens (Alternative D). Alternatives A, E, and F would not
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A [ B1 C D      E F

Design 3,000 3,000 3,000 3,000 3,000 1,200/
Pumping . 1,800
Rate, cubic
feet per
second (cfs)

River Flow at 4,000 4,000 4,000 4,000 4,000 4,000
Hamilton
City, (cfs)

Gradient No Yes Yes Yes No No
Restoration
Facility

’
.Type of Rotary Fixed Fixed Fixed Modular Fixed
Screens drum multiple multiple vertical inclined vertical

"Vee~ ~Vee"

Screen At At Montgomery At In pump At
Location existing entrance Island existing forebay existing

screens to intake screens screens
channel and

at River
Mile 201-

202

require the construction of a GRF, but would require the construction of new fish screens. The
publie scoping meetings will be used to identify other reasonable alternatives.

DWR, The Reclamation Board, is simultaneously funding the preparation of an engineering
feasibility report that will be used to evaluate these six alternatives. A technical memorandum
rifled "Glenn-Colusa Fish Screen Improvements - Draft - GCID Fish Screening Alternatives,"
which describes these alternatives in more detail, has been prepared in partial fulfillment of this
feasibility reporting program.

41231 CALIFORNIA DEPARTMENT OF WATER RESOURCES Page NOP-5

Prepared by Beak Consultants Incorporated ¯ 4600 Northgate Boulevard, Suite 215 * Sacramento, California 95834

!
C--086390

(3-086390



3. Environmental Issues

The EIR/EIS will analyze potentially direct impacts to fisheries and aquatic, riparian, and
terrestrial habitats and species, and potential secondary impacts to socioeconomic, recreation,
and related resources for each of the six alternatives.

A.    Fisheries and Aquatic Impacts Analyses

Specific fisheries and aquatic impacts analyses identified to date include:

¯ Distribution of juvenile winter-run chinook salmon and exposure to modified
flows;

¯ Approach velocities at the screens;
¯ Entrapment zones and related structural problems;
¯ Pumping volumes and bypass utilization;
¯ Predation;
¯ Upstream sedimentation and resulting river bend dynamics;
¯ Resulting river flow patterns, thalweg location, and the proportion of river flow

diverted under the entire range of Sacramento River flow volumes;
Instream flows;

¯ Fish passage;
¯ Habitat used by other chinook salmon runs, and other Sacramento River fishes;
¯ Navigation and river safety;
¯ Sport and commercial fisheries;
¯ Aquatic invertebrates;
* Benthic invertebrates; and,
¯ Water quality.

B.    Terrestrial Impacts Analyses

Several .terrestrial issues are also of concern, especially during construction of the selected
alternative, ineluding but not limited to:

¯ Land Use;
* Geology and Soils - resulting from fish screen construction, bank protection, and

the establishment of construction roads and staging areas;
¯ Hydrology and Drainage;
¯ Air Quality (construction);
¯ Wildlife resources;
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* Botanical resources;
¯ Cultural resources;
¯ Visual and Aesthetic resources;
o Recreational resources;
* Noise (construction);
* Wetlands and Riparian habitat;
¯ Transportation (construction);
¯ Socioeconomic impacts to entities which directly or indirectly depend on existing

GCID operations for water, habitat enhancement, or other revenues; and,
¯ Growth-inducing impacts, cumulative impacts, and all other impacts analyses

required by the California Environmental Quality Act.

Public input on these environmental issues and other environmental concerns is ~requested during
the EIR/EIS scoping meeting discussed below.

4. Public Scoping Meeting

The scoping process will be used to facilitate open and early communication of the issues and
related obstacles. One public scoping meeting will be held for this EIR/EIS, in the Willows
Memorial Building, 525 West Sycamore Street, Willows, California, on July 28, 1993 at 7:00
pm. This meeting will be used to invite the participation of affected Federal, State, and local
agencies, any affected Indian tribes, and other interested persons so that the alternatives, and
related significant issues raised by the. public and involved agencies are analyzed to the
appropriate depth, and to eliminate from detailed study those issues which are not significant.
DWR, The Reclamation Board, conducted a preliminary public scoping .meeting for this same
purpose on October 8, 1992.

GCID and the affected State, Federal, and local agencies, and other interested persons, have
been addressing these topics since 1989. Many of the issues, interests of potentially affected
agencies and persons, and potential solutions have been extensively deliberated. DWR, The
Reclamation Board, GCID, and CDFG have conducted preliminary meetings with other federal
and state agencies to determine the scope of technical issues and environmental analyses needed,
based on these past deliberations. One additional public information meeting will be held on
Thursday, October 27, 1993, at the same time and location to inform the public of EIPJEIS
progress, the engineering alternatives remaining in consideration, and other issues of importance
to the potentially affected public. Anyone interested in more information concerning .the study,
or who has suggestions as to significant environmental issues should contact Mr. Stacy Cepello
at the above address. For those persons requiring special services, please contact Mr. Stacy
Cepello at the Department of Water Resources (916) 529-7352. Please call Mr. Cepello as far
in advance of the meeting as possible, and no later than July 22, 1993 to enable the Department

41231 CALIFORNIA DEPARTMENT OF WATER RESOURCES ’ Page NOP-7

Prepared b~ Beak Consultants Incorporated * 4600 Norihgate Boulevard, Suite 215 * Sacramento, California 95834

C--086392
C-086392



of Water Resources to secure the needed services. If a request cannot be honored, the requester
will be notified. A telephone device for the hearing impaired is available, TDD Number (916)
653-6934.
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SEPTEMBER 23, 1996
PUBLIC MEETING SUMMARY

HAMILTON CITY PUMPING PLANT
FISH SCREEN IMPROVEMENT PROJECT

Two public meetings were hosted by the lead agencies on September 23, 1996 at Granzella’s Inn,
Williams, California at 1 p.m. and 7 p.m. The purpose of the public meetings was to update the
public on the project, the alternatives under review, and the issues to be addressed. The meetings
were also intended to provide a forum in which the public could ask questions and provide input
on these and related subjects.

Notification
Notification was sent to persons and organizations on project, Bureau, and GCID mailing lists; in

over 1,800 were sent out. a copy flyers sent to personsall mailers Attachment1 contahls o~the

on the lists. In addition, the September 1996 issue of GCID’s newsletter contained a meeting
invitation, and the Bureau announced the meeting in a September 16, 1996 News Release
(Attachment 2). A newspaper advertisement (Attachment 3) was also run on both September
18 and 20, 1996 in the Redding Record Searchlight, Coming Observer, Willows Journal, and
Orland Press-Register.

Presentation
The meeting opened with a description of the project purpose, history, and current status. The
roles and responsibilities of the lead agencies as well as cooperating agencies were then outlined.
Project alternatives and features, operational scenarios, and potential impacts were subsequently
reviewed. The meeting concluded with a presentation of a timeline for the environmental
review, final design, and construction processes. Charts and other displays presented during the
meetings are provided in Attachment 4.

Attendance and Comments
In addition to members of the lead agencies, representatives from the following groups were in
attendance:

Ii ¯ Homeowners ¯ Colusa Drain Mutual Water Company
¯ Fishermen ¯ Senator Maurice Joharmessen
¯ Northstate Land Management Trust ¯ Sacramento River Preservation Trust

.
¯ Ivy G. Zumwalt and Associates ¯ Assemblyman Tom Woods
¯ Prineeton-Codora-Glenn Irrigation ¯ Central Valley Project Water

District Association
¯ University of California Cooperative ¯ Colusa-Glenn Farm Credit

Extension Farm Advisory

!
Draft - Subject to Revision October 28, 1996
H: IGCID[Scoping Report
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i Comment cards were collected at the meeting, documenting attendance as shown in
~ Attachment 5. Comments and questions were encouraged from the meeting attendees at any

time during the presentations. Two written comments were received, both requesting additional
information on the project alternatives. Assemblyman Tom Woods was the only person to
address the audience during the meetings. Assemblyman Woods spoke of his desire to facilitate

-~ a balance between environmental and agficulmral water needs, demonstrated by his support of

i California Ballot Proposition 204.

During the question and answer period, questions were raised about the impacts of the various
_-_. alternatives. Specific concerns included:

~. ¯ erosion impacts to the banks of the Sacramento River;
-’; ¯ impacts to waterfowl;
~ ¯ alternative designs and impacts to recreational uses of the fiver;

¯ socioeconomic impacts beyond land values and cost of water; and
¯ criteria by which alternatives were selected or eliminated from further consideration.

Meeting summaries by the lead agencies included references to preparation of a Draft EIR/EIS
on the project, and consideration of the above issues in the project analyses.

:

Draft - Subject to Revision October 28, 1996 I
H: lGCID~Scoping Report
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Attachment 1
Notification Mailers

September 23, 1996 Public Information Meetings

i
Draft - Subject to Revision October 28, 1996
H: IGCIDIScoping Report
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Progress Continues on the...
Hamilton City Pumping ,Plant ~ Fish Screen Improvement Project

The Bureau of Reclamation will hold two public meetings tO seek public input on the Hamilton
City Pumping Plant Fish Screen Improvement Project and issues under consideration in
the Environmental Impact Report/Environmental Impact Statement. Come to either meeting
to hear a project update and to provide input.

Monday, September 23, 1996
Granzella’s Inn
391 6th Street

Williams, California
1 p.m. OR 7 p.m.

Proposed Agenda
-Open House~

) Welcome
)’ Meeting Format & Objectives
)~ Project Purpose
)~ Alternatives Under Review
) IssuesTo Be Addressed

(please see reverse for a draft list of issues)
)~ Questions &Answers
) Where Do We Go From Here?

If you would like to provide suggestions for the agenda, or if you have questions, please
contact Sammie Cervantes at 916/979-2837. If you are unable to attend, we are still interested
in your comments. Comments will be accepted through October 4, 1996. Please write
with your concerns, ideas, or issues at:

Hamilton City Pumping Plant
Fish Screen Improvement Project
c/o Surface Water Resources, Inc.

455 Capital Mall, Suite 600
Sacramen.to CA 95814
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Hydrology and Water Resources
Changes in river, irrigation~ and Colusa Basin drain flows and water quality
River channel stability and sedimentation
River elevation changes during flood events
Changes in groundwater levels/quality

Aquatic Resources
Changes in fish protection and predation conditions
Effects from ~onstruction activities in Oxbow and possible gradient feature in river
Impacts/benefits of fish bypass features
Changes to shaded riverine aquatic cover and overall fish habitat conditions in river

Terrestrial Resources
Effects on special status species and habitat
Changes in refuge water deliveries
Overall habitat effects within Glenn-Colusa Irrigation District’s service area

Socioeconomics
Changes in costs of water deliveries
Effects of changes in water supply reliability on agricultural industry

Land Use/Noise ILong-term changes in land use from changes in water supply reliability and quality ’
Construction effects on local noise levels

!
Others

Your input is needed to help identify other significant issues. Please provide us with a           ~
description of any other potentially significant issues you feel should be included in the EIS/

I

!
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PROJECT LOCATION

) At the Glenn-Colusa Irrigation District ~ GCID ~ Hamilton City Pumping
Plant near Hamilton City, California.

¯ ) Along the mainstem Sacramento River and adjacent Oxbow in the vicinity
of river miles 205 to 206.

PROJECT PURPOSES

To minimize fish losses that occur in the vicinity of the pumping plant
diversion.

To reestablish reliability in GCID’s ability to divert its full allocation of
water, meet water supply delivery obligations, and make full beneficial use
of existing water rights.

PROJECT FEATURES

New, larger fish screen and fish bypasses to restore historic diversion
rates while minimizing effects to fish in front of screens.

A possible gradient control facility to help stabilize river water levels for
screen efficiency and pumping operations.

C--086400
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Hamilton City Pumping Plant
Fish Screen

Improvement Project

=~ Project Location
TEHAMA COUNTY o

Red Bluff

Hamilton Ci~ BU~E COUN~

GLENN COUN~

Sacramento Rfver
Main Channel

Flow Direction

~ River Oxbow~

Project¯Site,.~
Existing                                             .
Existing Pumping Plant

Glenn.Colusa Canal



Attachment 2
i Bureau September 16, 1996 News Release on

September 23, 1996 Public Information Meetings

Draft - Subject to Revision October 28, 1996

i H: \GCID~Scoping Report

C--086402
C-086402



Mid-Pacific Regional Office 2800 Cottage Way Sacramento CA 95825-1898

(916) 97-WATER
Fax (916) 979 - 2229                                         ..

:-’.. ~ ,, :’¢~..
.....:.. -?...’

MP-96-50
S. McCrackenJeffrey

FOR IMMEDIATE RELEASE: September 16, 1996

BUREAU OF RECLAMATION AND GLEN~-COLUSA IRRIGATION DISTRICT
TO HOLD PUBLIC MEETING ON HAMILTON CITY PUMPING PLANT

FISH SCREEN IMPRO,VEMENT PROJECT

The Bureau of Reclamation and the Glenn-Cohsa Irrigation District will hold two public
meetings to seek public input on the Hamilton City Pumping Plant Fish Screen Improvement
Project and issues under consideration in the Environmental Impact Report/Environmental
Impact Statement.

The public meetings will be held:

In...Williams
Monday, September 23, 1996

I p.m. and 7 p.m.
Granzella’s Inn
391 6th Street

Come to either meeting to hear a project update and to provide input. Comments
received prior to October 4, 1996, will be incorporated into the draft EIR/EIS. Comments should
be sent to: Hamilton City Pumping Plant Fish Screen Improvement Project c/o Surface Water
Resources, Inc., 455 Capital Mall, Suite 600, Sacramento CA 95814.

For additional information please call Lauren Carly, Bureau of Reclamation Program
Manager, at 916/934-1321 (TDD 916/934-7089). If special assistance is required, please call
Ms. Carly before the meeting.

Visit the Mid-Pacific Region on the Internet @ http:\\www.mp.usbr.gov

I
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Attachment 3
Newspaper Advertisement on

September 23, 1996 Public Information Meetings

Draft- Subject to Revision October 28, I996
H: IGCID~coping Report
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PUBLIC MEETING
Mo.nday, September 23

¯ 1:00 - 3:00 p.m. at Granzella’s Inn
391 6th Street, Williams CA

¯ 7:00 - 9:00 p.m. at Granzella’s Inn
391 6th Street, Williams CA

The Bureau of Reclamation will hold two public meetings to
seek public input on the Hamilton City Pumping Plant Fish
Screen Improvement Project and issues under consideration
in the Environmentat impact Report]Environmental Impact
Statement. Come to either meeting to hear a project update
and to provide input.

¯ For additional information contact Sammie Cervantes at
~ 916/97-WATER (916/979-2837).
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Attachment 4
Charts and Figures Presented at

September 23, 1996 Public Information Meetings

Draft- Subject to Revision October 28, 1996
H: IGCID~coping Report
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Hydrologyana Water Resources uatic s rc s

¯ Impacts on river, irrigation, and Colusa ¯ Impacts on fishery resources
Basin drain flows and water quality

¯ Impacts on shaded riverine aquatic
~ Impacts on river channel stability cover
¯ Impacts on flood events ¯ Sedimentation from construction
=- Impacts on groundwater levels/quality activities in Oxbow and possible

gradient control facility in river

~?~" "~ " "R:~ :r__ _. _=~ " " "          ’~ " " " " " " " " "~ Terrestrial o ce                            Socioeconomics

Impacts on special status species and
other wildlife ~- Impacts on cost of water deliveries
Impacts on refuge water deliveries ¯ Impacts on reliability of water
Impacts on habitat from changes in
water supply within GCID’s service
area

~~~ |~,.                          ¯ ¯ | ¯ ¯ [] m ¯ ~" ¯ i ¯ ¯ m ¯ ¯ ¯ ¯

Land Us e/Noise °~~(~TH ERS

¯ Impacts on land use " Your input is requestedto help identi~

¯ Impacts on local residences from
other significant issues. Please provide

construction noise us with a description of any other
potentially significant issues you feel
should be included in the EIR/EIS.

C--086407
C-086407



I
Roles & Responsibilities --Alternatives U d r vi w

¯ Glenn-Colusa Irrigation District
¯ Bureau of Reclamation ,- Extension of existing screen.

¯ California Department of Fish & Game ¯ Extension of existing screen with
gradient control facility.

¯Army Corps of Engineers
- ¯ Extension of existing screen with~. National Marine Fisheries Service gradient control facility and fish return

~- Fish and Wildlife Service system.
¯ Department of Water Resources
,- Reclamation Board .

I
"~]~ ~ ~0m m al m__ ~.,. " y ~ o,. ~ ~i[~,~g          m m m i i m i m m

Gradient C nt I F~,,,y " Schedule

Provide Hydraulic Head ~ EIR/EIS Process
(i.e., raise water sudace) ~ Dra~ repo#, hearings, final repot,

Record of Decision/Notice of
Facilitate Fish Bypass of Screens Dete~ination

Mimic a Natural Riffle ~ Design Process
~ Upstream and Downstream Migrants - Construction
~ Boating

Hamilton City Pumping Plant.,,,....,.,,o..m.n,P.~..~ Issues nd r o i r io
~meline

~1 Year,., ,~ ,~ ,., ,. ~,=, ~ ~ ~ ~ ~ Hydrologyand Water Resources
~ m. ~ Aquatic Resources

* .... ~ Terrestrial Resources
................... ~ Socioeconomics

~ ~ ~ Land Use/Noise
~ . ~ ............................... ~ Others

m
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~Background - Screening Issues ~Background ~ Fisheries Issues

¯ ,. ~ =,Y ~ .... ~ ~u~, ,oo , .... ~ o=
Sacramento RiverFish

I . ~ =- Chinook Salmon
,- Steelhead Rainbow Trout

~
.....i ............. -

=~ Sturgeon

~
~

¯ Striped Bass
=-American Shad

.......... ¯ Splittail
¯ Others

¯ ~° Background -= Fi;he~es ~’ssu=es            ~;~ Background ~ Fi;he~es ~’ssu=es
Target Species                                 Survival Goal

=, Chinook Salmon ~ Juveniles ~ 95 percent
=- Fall Run
~- Late-Fall Run
~-Winter Run

i~ Smolts ~ 98 percent
Federal and State listed endangered

~ Spring Run
Potential State listing

~- Steelhead
Potential Federal listing

m. ¯            ¯     ¯     ¯     ¯     ¯      ¯      ¯     ¯~                                                ¯     ¯     ¯     ¯     !     ¯      ¯     ¯     ¯

Project Purpose                                Project Features

~ To minimize fish losses that occur in ¯ New, larger fish screen and fish
the vicinity of the pumping plant bypass system.
diversion. ¯ A possible gradient control facility in

¯ To reestablish reliability in GClD’s the mainstem of the river.
ability to divert its full allocation of
water, meet water supply delivery
obligations, and make full beneficial
use of existing water rights.

!
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m
~>’~;~’~"’~:; ~’ ~eeting Agenda

¯Welcome & Introductions
¯ Meeting Objectives & Format

Hamitton City Pumping Plant ¯ Project Update
~p~’rn-rovemen" r’lr~.~r’~"-;ec= " Purpose & History ~ Roles & Responsibilities ~

Screen Alternatives Under Review ~ Gradient Control
-Facility ~ Schedule ~ Issues Under Consideration

Progress Continues ~-Open Discussion and Q&A Session
¯ Wrap-up

i
~’~eet=’ng Objectives ~ ~eet~ng Format

Provide an update on the project.
~ Informal briefing on status of project.

To obtain input on project issues and
alternatives. ~ Open forum to share ideas and

concerns.
To inform the public of oppo~unities
to provide input. ~ Seeking input to the Dra~ EIR/EIS.

~ Project .u o e Project Location

~- Project Location ¯ At the GClD Hamilton City Pumping
Plant near Hamilton City, California

¯ Background
¯ Along the mainstem Sacramento=. Screening Issues River and adjacent Oxbow in the

=. Fisheries Issues vicinity of river miles 205 to 206 .

¯ Project-Purpose

m
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WATER SUPPLY SYSTEM
OF THE

SACRAMENTO VALLEY’S
WEST SIDE

SHASTA LAK~

RSH HATCHE~
WHISKEYTOWN LAKE    ~’~ . _

BLUFF

.-PUMP~
BLACK BU~E
RESERVOIR ~

T, CJGCID
~R~E

WI~UF~ ~E~G~

=~ I DEL~V~N N~ON~L

~ ~LU~
CR~S~E ~ I COLUSA

COLUSA NATIONAL
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. v ~..~:’~T~O~ ....

Gradient Restoration Facility: Plan Vie~w_w

~ : " ~

. ~~~     ~ ~acramento ~ver Bank Prot~fion Project
Gle~-Colusa Ir~gafion Dlst~ct In-Take
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Life History Characteristics
of Sacramento River Chinook Salmon

at and upstream of Red. Bluff

JUL AUG SEP OCT NOV DEC JAN FEB ~MAR APR MAY JUN

LEGEND
Denotes presence andd relative magnitude
Denotes only presence



Attachment 5
Comment Cards Submitted by Attendees of

September 23, 1996 Public Information Meetings

Draft - Subject to Revision October 28, 1996
H: IGCID~Scoping Report
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The following are copies of comment cards collected at the September 23, 1996 Public
Information Meeting. These cards provided audience members with a means to provide their
written input. These cards documented meeting attendance, however, not all meeting participants
filled out these cards. The original cards were double sided, the front side is aligned on the left of
the following pages, with the corresponding back side immediately to the right.

Draft - Subject to Revision
October 28, 1996

H:lGCID~Scoping Report
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I
llamiltm~ ¢Jity Pumping Plant

~

Iiamitton City Pumplng Plant

I

F~h Screen Improvement Pro]err F~h Screen Improvement Project "

Public M.Iinp Wt ~�1~ ~ I~.

I

............. . .................. ~ ...... . .. ........ ~. ~:. ¯ ; ....... ,. .

I m

~ HamPton City Pumping Flant I
Fish Screen Improvement Project ~

Hamilton City Pumping Plant
Fish Screen Improvement Project

I
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Hamilton City Pumping Plant

~ Hamilton City Pumping Plant

Fish Screen Improvement Project Fish Screen Improvement Pro,~eet
S,plcmber Z1,1996
Public

Hamilton City Pumping Plant ute~x==~’e’-~ ~rFish Screen Improvement Project ~~~,~ llamilton CityPumping PlantFish Screen Improvement Project

~w~e~/~ " . . .:." ~; , : ’. , .

Fish Screen Improvement Project
~

Hamilton CityPumplng Plan t
Fish Screen Improvement Project

I
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Fish Screen Improvement Project

~Fbh Screen Improvement Project Fish Screen Improvement Project
WIU.IAM F. RICHARDSON ~)zplcmber 23,1996 ¯

:~;’"’z.;’:. : - ~,

llamilton City Pumping Plant

~

Hamilton City Pumplng Plant
Fish Screen Improvement Project Fish Screen Improvement Proje~t
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